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Aims To clinically validate the new four-dimensional oral health model (4DOHM) by 
analyzing the level of correlation between oral health-related quality of life (OHRQoL) 
according to the 4DOHM and health-related quality of life (HRQoL), by analyzing the level of 
correlation between the Psychosocial Impact dimension of the 4DOHM and depression and 
anxiety, and by analyzing international dentists’ assessments of how their patients’ problems 
fit the 4DOHM. 
Methods We analyzed Oral Health Impact Profile, Patient-Reported Outcomes Measurement 
Information System Global Health, Depression, and Anxiety questionnaires of adult dental 
patients attending HealthPartners clinics in Minnesota, USA. We performed structural equation 
modeling confirmatory factor analysis and path analysis, and an international survey among 
dentists from all World Health Organization regions. 
Results Data came from 2,076 dental patients with the mean age 54.7±16.2 years (40.3% 
females). Correlation coefficients between OHRQoL and HRQoL, OHRQoL and Physical 
Health, OHRQoL and Mental Health, Psychosocial Impact and depression, and Psychosocial 
Impact and anxiety, were 0.56, 0.55, 0.51, 0.53, and 0.56, respectively, and they were all 
“large,” according to Cohen. In total, 1,580 (53.4%) of dentists (54% females) with the mean 
age of 38.6±10.5 years, from 32 countries, participated in the survey and reported that 94.2% 
of patients' problems could be categorized into the four dimensions. 
Conclusions The OHRQoL, according to the 4DOHM, is highly correlated to the HRQoL, and 
the Psychosocial Impact dimension of 4DOHM is highly correlated to depression and anxiety. 
Dentists categorized almost all their dental patients’ oral health problems according to the 
4DOHM. The 4DOHM is clinically valid. 
Keywords: Dentistry, Patients, Oral Health, Public Health, Conceptual Model, Oral Health-
Related Quality of Life, Health-Related Quality of Life, Psychosocial, Depression, Anxiety, 









Namen Klinična validacija novega štiridimenzionalnega modela oralnega zdravja (4DMOZ), 
pri čemer smo: 1. analizirali stopnje povezanosti med »z oralnim zdravjem povezano 
kakovostjo življenja« (angl. oral health-related quality of life, OHRQoL), opredeljeno po 
4DMOZ, in »z zdravjem povezano kakovostjo življenja« (angl. health-related quality of life, 
HRQoL); 2. analizirali stopnje povezanosti med psihosocialno dimenzijo 4DMOZ in depresijo 
oz. anksioznostjo in 3. analizirali ocene zobozdravnikov o tem, kako so težave njihovih 
pacientov uvrščene v 4DMOZ. 
Metode Analizirali smo vprašalnike Oral Health Impact Profile, Patient-Reported Outcome 
Measurement Information System’s Adult Global Health, Depression in Anxiety odraslih 
zobozdravstvenih pacientov klinike HealthPartners v Minnesoti v ZDA. Izvedli smo 
konfirmatorno faktorsko analizo in analizo poti. Izvedli smo mednarodno anketiranje 
zobozdravnikov iz vseh regij, ki jih je določila Svetovna zdravstvena organizacija. 
Rezultati Analizirali smo podatke 2076 zobozdravstvenih pacientov s povprečno starostjo 
54,7±16,2 leta (40,3 % žensk). Korelacijski koeficienti so bili: med OHRQoL in HRQoL 0,56; 
med OHRQoL in telesnim zdravjem 0,55; med OHRQoL in duševnim zdravjem 0,51; med 
psihosocialno dimenzijo in depresijo 0,53 ter med psihosocialno dimenzijo in anksioznostjo 
0,56. Vse korelacije so bile po Cohenu »visoke«. Spletno anketo je izpolnilo 1580 (53,4 %) 
zobozdravnikov iz 32 držav (54 % žensk) s povprečno starostjo 38,6±10,5 leta. V 4DMOZ so 
zobozdravniki uvrstili 94,2 % ustno-obraznih težav svojih pacientov. 
Zaključek Konstrukt OHRQoL, opredeljen po 4DMOZ, je zelo povezan s konstruktom 
HRQoL. Psihosocialna dimenzija 4DMOZ je zelo povezana z depresijo oz. anksioznostjo. 
Zobozdravniki so uvrstili skoraj vse težave svojih pacientov v 4DMOZ. Novi 4DMOZ je 
klinično veljaven. 
Ključne besede: zobozdravstvo, pacienti, oralno zdravje, javno zdravje, teoretični model, z 
oralnim zdravjem povezana kakovost življenja, z zdravjem povezana kakovost življenja, 
psihosocialni, depresija, anksioznost, korelacija, vprašalniki in ankete, samoocena, Svetovna 
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1.1. A systematic scoping review of oral health models 
The concept of Quality of life (QoL) has become an increasingly important outcome in health 
care as this term encompasses multiple things, such as health status, behaviors, physical 
functioning, symptoms, psychosocial adjustment, joy, life satisfaction, and happiness. QoL is 
described as “a state of complete physical, mental, and social well-being, and not merely the 
absence of disease” (1). It covers the individual perception of factors related to everyday life, 
and it depends on the experience of the individual representing a subjective assessment of the 
patient. If quality is to be at the center of everything we do, it must be understood from the 
patients’ point of view. Embedded in QoL is general health, also defined as health-related 
quality of life (HRQoL), which was introduced in 1960 to narrow the focus to the effects of 
health, illness, and treatment on QoL. It was defined as an individual’s perception of how illness 
and its treatment affect the physical, mental, and social aspects of one’s life (2–4). HRQoL is 
based on the biopsychosocial model of health and illness developed by Engel, who states that 
interlinkage between biological, psychological, and social factors determining the cause, 
manifestation, and outcome of wellness and disease (2,3). That is the cause of HRQoL being a 
multidimensional construct or patient-reported outcome (PRO) that includes domains related to 
physical, mental, emotional, and social functioning, but it is also influenced by environmental 
and a patient’s factors (3). Within the HRQoL PRO, oral health-related quality of life 
(OHRQoL) is integrated (5,6). The OHRQoL is a multidimensional PRO, representing an 
individual’s perception of how an oral disease and its dental interventions affect the physical, 
mental, and social aspects of his/her life. OHRQoL was introduced in 1988, and since then, 
interest in the field has grown enormously (5,6). 
The main topic in evidence-based dentistry is the evaluation of patients’ self-perceived 
OHRQoL by self-completed questionnaires, also called dental patient-reported outcome 
measures (dPROMs) (7). Therefore, the success of dental treatment is not only measured by 
clinical parameters but also takes into account the patient’s experience and represents the 
person’s subjective perspective. OHRQoL is, consequently, an essential topic in dentistry, 
particularly significant to three areas, i.e., clinical dental practice, dental research, and dental 
education. 
Nevertheless, there are some limitations to these dPROMs (8,9), because they mostly lack a 
coherent theoretical, conceptual framework, which should have been a prerequisite to guide 
their development (10). Conceptually, dental health professionals measure oral health outcomes 
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in clinical practice, and thus we get an objective assessment versus assessment by utilizing 
dPROMs to capture a patient’s oral health perspective. However, although clinical assessment 
of a patients’ oral health and the patients’ self-perceived outcomes are necessary, other factors 
also influence oral health. Access to dental services, other biological (e.g., systemic health), 
structural (e.g., impairment or deviation that can or cannot restrain movements), political (e.g., 
healthcare costs), environmental, as well as social determinants of health that directly interfere 
with oral health outcomes, must all be considered. 
Because of the multidimensional aspect of oral health and its diverse interpretations across 
various oral health conditions, researchers have used a variety of conceptual models and 
dPROMs to conduct their investigation. Authors of generic oral health models generally 
described oral health as the absence of oral impacts (11–17). In 2003, the World Health 
Organization (WHO) defined oral health as a primary indicator of general health, well-being, 
and QoL as “A state of being free from chronic mouth and facial pain, oral and throat cancer, 
oral infection, and sores, periodontal (gum) disease, tooth decay, tooth loss, and other diseases 
and disorders that limit an individual’s capacity in biting, chewing, smiling, speaking, and 
psychosocial well-being” (18). Because of a variety of oral health aspects and a fundamental 
human right to oral health care, the World Dental Federation (FDI) (19,20) widened the 
interpretation of oral health by providing a new definition with additional attributes; “Oral 
health is multi-faceted and includes, but is not limited to, the ability to speak, smile, smell, taste, 
touch, chew, swallow and convey a range of emotions through facial expressions with 
confidence and free of pain or discomfort, and disease of the craniofacial complex. (i) It is a 
fundamental component of health and physical and mental well-being. It exists along a 
continuum influenced by the values and attitudes of people and communities. (ii) It reflects the 
physiological and social attributes that are essential to the QoL. (iii) It is influenced by the 
person’s changing experiences, perceptions, expectations, and ability to adapt to 
circumstances” (19,20). The latter was accepted as the most comprehensive explanation of what 
oral health is by several dental organizations (19,20). 
Locker presented the first theoretical oral health model in 1988, i.e., Locker’s theoretical model 
of oral health (11) and based it on the International Classification of Impairments, Disabilities, 
and Handicaps (ICIDH) developed by WHO (1). He interpreted the oral health area as 
something linear and irreversible, e.g., a healthy patient gets sick, and health only gets worse. 
Locker did not consider that there is a possibility of complete healing or reversing the impact 
of a disease or impairment of the patient (11). Similar to Locker, other authors defined oral 
health more negatively, i.e., generic oral health models proposed by Jeboda (12), Adulyanon 
Doctoral Thesis 
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and Sheiham(14), Gilbert et al. (13), Williams et al. (21), and Locker and Gibson (15), instead 
of presenting it as the absence of disadvantageous conditions. 
On the contrary, some researchers interpreted oral health more positively by clearly separating 
oral health from diseases and disorders, e.g., the generic oral health model proposed by 
MacEntee and Brondani et al. (22,23). Current oral health knowledge equates oral health as an 
essential and unifying element of the general health and well-being of the patient in comparison 
to a few decades ago (24). However, dental research has stayed continuous in describing and 
measuring self-reported oral health and utilizing different oral health models and dPROMs. 
Authors who developed generic dPROMs used different conceptual frameworks, and 
sometimes they did not specify or report the conceptual frameworks for the development of 
these instruments. Considering a theoretical basis of oral health should be consistent in all 
conceptual models, the alteration in terminology for the same dimensions may prevent and 
misinterpret comparison of outcomes across studies, which is problematic. 
In the field of HRQoL, a systematic review identifying general health models was performed 
in 2012 (25). Bakas et al. (25) identified and analyzed 100 articles retrieved from the 
investigation during a limited period, between January 1, 1999, and August 31, 2010. Their 
focus was to assess the most frequently used models for general health and used Bredow’s (26) 
criteria for evaluating theories. These criteria consist of models’ internal criticisms (adequacy, 
clarity, consistency, logical development, and the level of development) and external criticisms 
(complexity, discrimination, real convergence, pragmatic, scope, significance, and utility) (25). 
In 2014, a narrative review portraying oral health through models was published (27). Brondani 
and MacEntee (27) critically reviewed and explored the extension of theoretical and pragmatic 
knowledge of Oral Function, impairment, and disability of models through a period of 30 years, 
precisely between January 1, 1950, and June 30, 2013. They identified 19 references about 
OHRQoL and oral health models, which also included models that deal with general health, 
e.g., WHO’s adaptation of the International Classification of Functioning, Disability, and 
Health–ICF conceptual framework (28). Less than half of their references (N = 8) provided 
information about generic oral health models, whereas three references discussed general health 
models. All remaining references examined the OHRQoL PRO. Most of the models they 
reviewed focused on disease and dysfunction influenced by a negative biomedical view of oral 
disorders, except for three models that presented a slightly different understanding of oral health 
that goes beyond illness and a more dynamic representation of relationships between 
dimensions. They also provided graphical representations of the identified models (27). 
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Recently, a guest editorial about the need for a new model of oral health was published (29). 
Pandit presented oral health as a fundamental part of general health, showing the importance of 
developing a preventive and promotional model instead of clinging to “a rationally curative 
mainly pathogenic model” (29). 
Lately, Sekulic et al. (30) have performed a systematic scoping review of oral health models. 
This scoping review was necessary because of various interpretations of oral health, which 
limits a progress in dentistry, both in dental research and in dental practice.  
Thus, this systematic scoping review (30) aimed to identify, analyze, and compare existing 
generic oral health models in English scientific dental literature. 
The specific questions guiding this systematic scoping review were: 
- How can many generic oral health models be identified in English scientific literature? 
- Are the models developed based on literature, experts, patients, or a combination of 
these sources? 
- Does statistical analysis support all the models? 
- What are the relation and the conception of the models? 
- What dimensions are identified in oral health models? 
- How did the authors name their models? 
- How did the authors define their models’ dimensions? 
- Are generic oral health models comparable? 
Thirteen English-language references presenting the development of generic oral health models 
were identified. The corresponding authors of the articles presenting new generic oral health 
models came from seven different countries. Nine generic oral health models’ corresponding 
authors came from countries where English is the first language; these were Canada, UK, and 
the USA. Four corresponding authors came from countries with languages other than English, 
which were Brazil, Nigeria, Switzerland, and Thailand, though they published their findings in 
English scientific periodical publications. The number of authors participating in model 
development varied from one to a group of nine authors. Authors published articles about oral 
health models between 1988 and 2015; they published two new generic oral health models per 
year in the years 1997, 1998, and 2006. International dental journals (N = 12) and one textbook 
reported the development of these 13 generic oral health models. Only two journals published 
more than one generic oral health model; these are Community Dental Health Journal (N = 3) 
and Community Dentistry and Oral Epidemiology (N = 2). Of the 13 included generic oral 
health models, authors gave a specific name to six of them, while the remaining authors did not 
specify a name. These models are referred to by their authors’ names, e.g., Locker’s model of 
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oral health (11). Only one model has an abridged name, i.e., the POHC for the Primary Oral 
Health Care Model (12). We systematically presented all our findings in Table 1. 
Table 1. Generic oral health models’ general information. 















1 Locker  
(11) 




Canada “Presentation of a conceptual 
framework for understanding oral 
disease and its consequences and 
provides a basis for the 
development of a broad range of 
measures and indicators which 
take account of the 


















Nigeria “Development of a model for 
primary oral health care practice 
which can be adapted for different 
populations depending on the 
various resources available in the 










1997 Measuring Oral 
Health and 
Quality of Life  
(pp.151-160) 
Thailand “To provide an alternative socio-
dental indicator which focuses on 
measuring the serious oral impacts 
on the person's ability to perform 
















1997 Social Science 
& Medicine 
USA “To apply a conceptual framework 
of selected health-related quality 
of life components to the 











1998 Journal of 
Dental Hygiene 
USA “To introduce a conceptual model 
for dental hygiene, the oral health-










Model of Oral 
Health 
1998 Medical Care USA “To describe self-rated oral health 
in dentate adults, to quantify 
associations between self-rated 
oral health and other measures of 
oral health, and to assess the 
construct validity of a model of 












UK “To identify and describe 
conceptual models of oral health 
shared by people from different 
minority ethnic groups. In 



















‘oral health’ and ‘general health”, 
and to see how these conceptions 















“To assess the relationship 
between self-rated oral health and 
satisfaction with oral health in two 










Canada “To explore the evolution of 
conceptual frameworks and 
models of health and disability to 
construct an explanatory model of 















UK “To model the consequences of 
dental conditions from an 
empirical basis and testing model's 













2007 Gerodontology Canada “To evaluate qualitatively a model 
of oral health through focus groups 

















2014 Journal of Oral 
Rehabilitation 
USA “To determine the dimensionality 







Final Model 2015 Reports in 
Public Health / 
Cadernos de 
Saude Publica 
Brazil “To test Wilson & Cleary’s 
conceptual model of the direct and 
mediated pathways between 
clinical and non-clinical variables 
in relation to oral health-related 
quality of life, and to develop the 
Final Model” (36). 
- 
Corresp. corresponding; dPROM dental patient-reported outcome measure; USA United States of America; UK 
United Kingdom. 
Additionally, we assessed the generic oral health models based on their dimensions and model 
characteristics. In total, 46 authors presented 119 dimensions and sub-dimensions in the 13 
included models. We identified a total of 68 primary models’ dimensions, and nine of them 
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contained several sub-dimensions (N = 51). We presented in Table 2 the detailed division and 
original definitions of the oral health models’ dimensions as the original authors provided them. 
The number of dimensions per model varied from two to 12 primary dimensions. Four of the 
models presented a four-dimensional structure. Three models consisted of six dimensions; two 
of the models indicated five dimensions, while the rest (N = 4) of the models showed two, three, 
seven, and 12 dimensions. Dimensional names were wide-ranging. Only some models showed 
identical dimensional names, i.e., models proposed by Locker (11), Adulyanon and Sheiham 
(14), Gilbert et al. (13), and Nuttall et al. (17) included Functional Limitations as one of their 
dimensions. The authors of the generic oral health models labeled some dimensions as relating 
to Oral Function, but they had slightly different names, such as Functional Status (21,36), 
Compromised Physical and Psychosocial Functioning (15), Functional and Structural Layer 
(22), and Oral Function (34). 
Researchers used Discomfort (11), Relief of Pain (12), Pain (14), Oral Pain & Discomfort (13), 
Comfort (22,23), Pain/Discomfort (17), and Orofacial Pain (34) as labels to describe the 
dimensions of oral pain of dental patients. Only the Comfort dimension was mentioned twice 
(22,23). 
Some authors included more than one dimension describing the psychosocial aspects of oral 
health in their models, e.g., Locker incorporated in his theoretical model dimensions, such as 
Limitation in Social Roles, Psychological and Social Well-being (11). Adulyanon and Sheiham 
also included three psychosocial dimensions, namely Impacts on Daily Performances, 
Psychological, and Social (14), while Williams et al. (21) presented two of them, the 
Psychological and Social dimension (21). Other dimensions about the Psychosocial Impact on 
dental patients’ oral health were proposed, such as Psychosocial Functioning (15), Socio-
Cultural Environment (23), and Psychosocial Impact (22,34). However, the authors reported 
these dimensions only in their generic oral health model. 
Regarding the theoretical value of aesthetics of patients’ oral health, only two generic oral 
health models have added such dimensions, namely Dissatisfaction with Appearance (14) and 
Orofacial Appearance (34). Authors also presented some model dimensions that can have 
different meanings and are, therefore, difficult to interpret, i.e., Impairment (14). Yet many 
included dimensions described as Self-report (11), Quality of Life (11,15,21,27,36), and 
General Health (16,22,27). Authors rarely provided definitions for their model’s dimensions 




Table 2. Generic oral health model’s dimension characterization. 
 
















7 Death “Mortality rates, life 
expectancy, potential years of 







 1.Self-Report “Patient listings of diagnoses or 
medical conditions” (11). 
 2.Clinical 
Diagnoses 
“Diagnoses found on clinical 
examinations” (11). 
Impairment “Extent of anatomical loss or 
structural abnormality” (11). 
Functional 
Limitation 
“Extent of loss of function of 
body parts or systems” (11). 
Discomfort “Self-reported physical and 
psychological distress, 
including pain and other feeling 
states not directly observable” 
(11). 






“Acute or chronic limitation in 
physical activities of daily 
living” (11). 
 1.2.Limitations in 
Social Roles 
“Acute or chronic problems in 






 2.1.Affective States “Emotional states, anxiety, 
depression” (11). 





 3.1.Integration “Participation in community 
life” (11). 
 3.2.Social Contacts “Interaction with family, 
friends” (11). 















 1.Inequality of 
Opportunity 
“Lack of access to social 
opportunities, including careers, 
education” (11). 
 2.Deprivation “Inequality of outcomes in 
terms of income self-image, 
self-esteem” (11). 
 3.Dissatisfaction “With health and/or overall 









2 Preventive Oral 
Health Care 
Services 
 1.Prevention of 
Onset of Oral 
Disease 
 1.1.Integration of 





 1.4.Plaque Control 
 1.5.Dietary Control 
 1.6.Nutrition 
 1.7.General and 
Oral Hygiene 
 1.8.Fluorides 
 1.9.Fissure Sealants 
- HRPs 
“Prevention of onset of oral 
























based services” (12). 







 1.2.Simple Class I 
& II 
    Amalgam Fillings 
 1.3.Scaling and 
Polishing with Oral 
Hygiene Instructions 




 2.1.Extraction of 
Painful and 
Unsaveable Teeth 


































 2.3.Smoothening of 
Minimally Fractured 






    Patients Involving 









































Pain “Possible earliest negative 
impacts. May impact on 
performance ability” (14). 
Discomfort “Possible earliest negative 
impacts. May impact on 
performance ability” (14). 
Functional 
Limitation 
“Possible earliest negative 
impacts. May cause pain, 
discomfort or dissatisfaction 
with appearance and vice versa, 




“Major dimension of oral health 
outcomes” (14). 
Impacts on Daily 
Performances 
“Impacts on ability to perform 
daily activities” (14). 
 1. Physical - 
 2. Psychological  - 





4 Severe Oral Disease 












































6 Health and  
Preclinical Disease  
“Positive state in which an 
individual is in a self-defined 
ideal level of physical, 
psychological, social, and 








“Assessment of signs of disease 
in determining differential 
diagnoses” (21). 
Symptom Status “Recognition of health and 
disease as a complex 
relationship between the 
individual/population and 
environment, and subsequently 
considering and responding to 
these issues when determining 
interventions” (21). 
Functional Status “Ability of an individual to 
perform specific oral functions, 
life tasks, and other roles that 
may be influenced by the oral 
cavity” (21). 
 1.Physical “Physical functions of the oral 
cavity, such as chewing, eating, 
and speaking” (21). 
 2.Social “Social functions, such as 
avoidance of social interaction, 
decreased communication with 
others, and a decrease in 
perceived usefulness” (21). 
 3.Role “Role functions, such as 
impaired family interactions, 
interference with job 
responsibilities, interrupted 
travel, and impaired household 
management” (21). 
 4.Psychological “Psychological functions, such 
as depression, embarrassment, 
decreased self—confidence, and 
decreased concentration” (21). 
Health Perceptions “An individual's or population’s 
subjective opinion of their 














General Quality of 
Life 
“Overall satisfaction with life as 







5 Oral Disease and 
Tissue Damage 











Oral Pain & 
Discomfort 
“Presence and duration of 
toothache pain, root sensitivity 




“Current chewing ability, 
difficulty speaking or 
pronouncing words because of 
problems with teeth, mouths, or 
dentures” (13). 
Oral Disadvantage “Whether mouth problems 
caused patients to avoid certain 
activities and the frequency of 
that disadvantage” (13). 
Self-Rated Oral 
Health 
“Self-rated oral, dental, and 





4 Oral Health as the 












Approach to Oral 
Health 
“Oral Health is a state to be 
maintained which included but 






“Poor oral hygiene indicates 
poor personal hygiene” (16). 
Relationship 
Between Oral 




 1.A Dualist Model 
of the 
Relationship 
“Oral health problems can give 
rise to general health problems 
and vice versa” (16). 
 2.A Holistic Model “Oral health and general health 









4 Oral Diseases and 
Disorders 









































3 Outer Contextual or 
Environmental 
Layer 
“Interactions of personal and 
social factors and skills” (22). 




“Potential for impairments or 
deviations in structure that 
might or might not restrict 
participation or limit activities” 
(22). 
Inner Layer - 
 1.Hygiene - 
 2.Comfort - 







































Diet “Not only for the amount, 
composition, and nutritional 
value of daily meals, but also 
for the social and psychological 
role that food plays in the 
quality of life and enjoyment of 
almost every sociocultural 





Expectations “From teeth, dental treatment 





Health Values and 
Beliefs 
“Things that are affected by 
beliefs” (23). 















“Associated not only with 
family values on education and 
friendship but also with 
genetics and physical structure 
that allows diseases to pass 




“Current views on the role that 
culture plays in society, 
especially when many different 






















13 Final Model 
(36) 













Symptom Status - 




Oral Health Related 
Quality of Life 
 
- 
Age age range or age mean in years; N number of models, dimensions/Sub-dimensions, or subjects; GP general 
population; DP dental patient. 
Source data for the development of the 13 generic oral health models also varied substantially. 
Authors developed oral health models based on one or more sources of data. Researchers used 
only experts (N = 1), literature (N = 2), dental patients (N = 2), or general population subjects 
(N = 3), or a combination of these sources (N = 5) for the development of their generic oral 
health models. 
Statistical analyses were the basis for the development of eight generic oral health models, such 
as principal components analysis, factor analysis, SEM, or other less demanding analyses, i.e., 
interpretative analysis, Mann-Whitney, and Fischer’s exact test, item-total score correlation 
analysis, internal consistency analysis. 
The relationship between dimensions was unidirectional in six models and reciprocal in five 
models. Two models did not specify the type of relationship between dimensions. For the 
majority of the presented oral health models, the conceptualization was non-linear (N = 6).  
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Five models presented a linear conceptualization, and two models did not specify their models’ 
conception.  
In this systematic scoping review, 13 different generic oral health models were identified, which 
present 13 different theoretical conceptualizations of oral health and quality of life. 
 
Figure 1. The biopsychosocial model of health. 
Oral research used the generic biomedical model (Figure 1) that used an approach based on 
diagnoses and diseases before the first oral health model was developed (37). David Locker 
was the first researcher to show the aspects of oral disease as oral impairment and disability 
(11). He presented the first multidimensional oral health model (Figure 2), which was an 
adaptation from ICIDH (1). 
 




Locker’s model illustrates “ill/oral health and oral disease, disability, and handicap modeled by 
pain and several other variables” (11). In this model, he shows the connection and relationships 
between dimensions in a linear manner expressing that impairment does not necessarily 
provoke disability or handicap. However, Locker’s model did not take into account the 
prevention of recurrence. Notwithstanding, it is considered to be the most influential model in 
international dental research and education because of his interpretation of how a patient’s 
health relates to oral impairments and oral disability (11,38). 
Based on the assumption that patients’ oral health and pathological conditions influence their 
daily life, several oral health models have emerged since Locker’s model. Jeboda described a 
linear model with two significant dimensions and sub-dimensions (12) (Figure 3); the 
dimension Preventive oral health care services focused on prevention of oral diseases, while 
the Emergency oral health care services dimension emphasized the negative aspect of health 
without taking into consideration a patients’ subjective experience (12). 
 




In contrast, Adulyanon and Sheiham took into account a patient’s Psychosocial Impact and 
developed an oral health model with linearly linked dimensions, namely Pain, Dissatisfaction, 
Physical Impacts, Psychological Impacts, and Social Impacts (Figure 4) (14). 
 
Figure 4. Adulyanon and Sheiham’s theoretical framework of consequences of oral impacts. 
Comparable to this is the Gilbert et al. model of oral health (Figure 5) (13). They integrated 
dimensions such as Oral Disadvantage and Limitations that allude to illness and disease and 
their impact on daily activities (13). 
 
Figure 5. Multidimensional conceptual model of oral health developed by Gilbert et al. 
The authors developed these models from experts' opinion, and therefore overlooked or omitted 
patients’ perception of disease or health and their dental experience (12–14). 
Gift et al. (33) used demographic and socioeconomic indicators from personal interviews, 
reported symptoms, attitudes, perceptions from self-administered questionnaires, and indicators 
of disease and needs for treatment from oral examinations to investigate the relationships 
Doctoral Thesis 
 18 
among variables. They performed principal component analysis (PCA) and regression analyses 
to explore whether a set of conceptual factors can substitute a more extensive initial set of 
variables but found no evidence (33). Corrigan et al. (16) identified two different models based 
on a patient’s perception of disability and oral health; the first model related health to the lack 
of disease, while the second included a definition of health affirmed by the participants 
including Physical, Social, and Psychological Well-being, as well as, the capacity to perform 
workaday activities. They also found two other models showing the relationships between oral 
and systemic health. In the first model, the two constructs were distinct but connected, while in 
the second model, the two constructs were indivisible; however, they did not present the 
models’ dimensions, nor explained their relationships, or graphically displayed them (16). 
 
Figure 6. The oral health-related quality of life model proposed by Williams et al. 
The generic oral health models proposed by Williams et al. (Figure 6) (21), Locker and Gibson 




Figure 7. Refined Locker and Gibson’s model of oral health. 
Instead, they favored disease and dysfunction while presenting their construct of oral health 
models (15,17,21). As a result, they emphasized the negative aspect of the oral health construct 
(1,11,15,17,21,39). Locker and Gibson’s model, as well as Nuttall’s model (Figure 8), followed 
linear conception, while the model proposed by Williams et al. used bidirectional arrows 
showing a possible continuum transition among dimensions (15,17,21). After that, researchers 
have begun to design models that include a patient’s interpretation of health and take into 
account positive aspects of how disease(s) impact a patient’s daily function, oral health values, 




Figure 8. Oral health model proposed by Nuttall et al. 
More recently, the authors have not presented or developed new oral health models with linearly 
connected dimensions, but have instead designed them as dynamic structures, mostly in a 
circular model (21–23). This circular design allows for dimensional reversal effects, that is, 
once a patient reaches disability, he is not considered to stay disabled, but could reduce, prevent, 
or reverse disablement, even revert to a healthy status (23). The “Existential model of oral 
health” presented by MacEntee (Figure 9) contained a definite movement toward oral health 





Figure 9. MacEntee’s existential model of oral health. 
He stated that the patient’s oral impairments do not constrain daily activities (22). However, by 
using a circular structure to present model dimensions, various dimensions’ significances can 
be implicated, either as less relevant aspects of oral health and disease or as more important 
aspects (41). Therefore, Brondani et al. (Figure 10) (23) further refined MacEntee’s model (22), 
accounting for a corresponding component’s influence on oral health. They furthermore 
incorporated influences of Socio-cultural Environment, Expectations, Economic Priorities, 
Health values and beliefs, and Diet upon oral health in their model (23). 
 
Figure 10. Refined oral health model of the key components developed by Brondani et al. 
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Regardless, these models were too complicated to interpret and to work with (22,23,27). Thus, 
a group of international researchers from seven countries explored the dimensionality of the 
dPROM Oral Health Impact Profile version with 49 items (OHIP-49) (31), which was based on 
the Locker’s model of oral health (11,34,42). They found that differentiated four-dimensional 
structure of oral health (Figure 11) exists and is valid, and defined it as four significant 
components, namely Oral Function, Orofacial Pain, Orofacial Appearance, and Psychosocial 
Impact (34,35,42–46). The four-dimensional oral health model (4DOHM) was defined as a 
conceptual framework to comprehend and assess the influence of oral conditions and the 
outcome of dental interventions, as well as to operate as a basis for the development of new, 
standardized dPROMs. Intuitively, this 4DOHM displays its components as being the essential 
parts of patients’ oral health in general. However, based on the patients' area of concern, one 
dimension can be more impacted than the other three dimensions, e.g., patients seeking 
orthodontic treatment can have a primary impact in the Oral Function dimension because of 
occlusal problems and also psychosocial problems related to their facial appearance. Therefore, 
they can have some impact also in the Psychosocial Impact and Orofacial Appearance 
dimensions (7,34,35,42–46). 
 
Figure 11. The four-dimensional oral health model. 
In 2015, Santos et al. (36) tested Wilson and Cleary’s conceptual model (47,48), adding 
modification indices and using SEM analysis. Nevertheless, the model’s development resulted 
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in its rejection. Based on these findings, Santos et al. developed a new model of oral health, the 
“Final model,” which incorporated straightforward and middle pathways between clinical and 
non-clinical parameters in connection to oral health (36). 
By revising previous models, some authors aimed to define the oral health construct from their 
perspective. Some defined oral health as linear and constant with the presentation of the models’ 
dimensions on a timeline (11–15,36). Other embedded etiological factors related to oral health 
in their frameworks (21–23,36). However, the majority authors considered or included the 
possibility of dimensional fluctuation in their models, which allowed for the possibility to revert 
to the previous condition (17,21–23,34). Most dental researchers used data from the general 
public and dental patients (13–15,17,21,23,34). Additionally, authors also used literature 
(11,21,22) or experts’ opinions (12–14,21). The statistical analyses used by authors were very 
diverse, except for two models (13,34), which authors confirmed both by factor analysis. Some 
models are not based on statistical analysis (11,12,17,21); therefore, it is challenging to present 
a meeting point of the identified 13 generic oral health models, because the only consistent is 
the construct oral health as a multidimensional PRO. It is also evident that there is confusion 
about the “true” construct of oral health, and this has led to a variety of oral health models, 
which would explain this theoretical construct. Therefore, it is beyond the bounds of possibility 
to show a significant juncture of the 13 models because all models differ considerably in all 
their characteristics, namely dimensional and sub-dimensional numbers, dimensional names, 
models’ source data, statistically versus theoretically based models, dimensions’ relation, and 
models’ conception. 
Authors used several definitions of oral health for generic oral health model development, e.g., 
Gift and Atchison described oral health as “Self-report specifically pertaining to oral health 
capturing both the functional, social and psychological impacts of oral disease” (33). Other 
investigators interpreted it as “The extent to which oral disorders affect the functioning and 
psychosocial well-being” (49), or “Symptoms and functional and psychosocial impacts that 
emanate from oral diseases and disorders” (50). Investigators used several dimensions to 
describe better oral health. Nevertheless, not all these dimensions are always clearly defined 
and easy to interpret. Only five of the 13 models identified generic oral health models comply 
with the current definition of oral health by FDI (19,20), as their goal was to identify patients’ 
oral impacts (11,14,16,17,22,36) and the vast majority of dimensions coincide with the FDI 
definition of oral health, e.g., Disease, Disability, Impairment (19). Factors that have the most 
significant influence on, and straightforwardly intercede with oral health outcomes are social, 
cultural, economic, structural, and biological determinants, as well as likeliness to access oral 
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health care services (11,14–16,21–23). Researchers who proposed the 13 generic oral health 
models rarely incorporated the influence of culture or religion on oral health as a construct per 
se, because study participants used for model development evaluated themselves as “one world” 
even though they might have different responses and cultural backgrounds (23). When Corrigan 
et al. explained their version of generic oral health model, they emphasized that ethnic and 
cultural factors can explain the variation of the understanding of oral health and its connection 
to general health (16). A political determinant is also getting increasingly important in every 
society. The economics of oral health care is spreading outside the limits of patients’ budgets 
to combine social determinants where health care is established and accessible (23). However, 
access to dental treatments and dental services, in general, is not evenly enabled around the 
world. Some countries have social health policy and, therefore, dental health care is mostly 
accessible to everyone, while other countries do not cover dental health care for the entire 
population. For instance, two patients with the same oral health impact and limitation, but 
different access to dental service (one has access, while the other has not) can either regain 
his/her physical, psychological, and social well-being or become further impaired and 
handicapped. Interestingly, the possibility of accessing dental care and other environmental 
determinants about oral health was weak measures of oral health only in MacEntee’s study (22). 
Lastly, social and environmental characteristics can directly or indirectly influence all facets of 
an individual’s oral health, and this should, therefore, be reflected in domains/dimensions of 
generic oral health models. The identified generic oral health models labeled these 
characteristics as Social Well-Being or Social Contacts (11), Social dimension or sub-
dimension (14,21), Psychosocial Functioning (15), or Psychosocial Impact (34), Outer 
Contextual or Environmental Layer (22), and Socio-Cultural Environment (23). 
This is the first scoping review of oral health models. Only in medicine, a systematic review 
identifying general health models has been performed (25). Bakas et al. found a hundred 
published references related to models about general health in over ten years. Despite that, they 
mainly focused on the three most commonly used models for general health for which Bredow’s 
criteria (26) for evaluating theories were applied (25). In comparison, our systematic scoping 
review investigated, reviewed, and analyzed all existing generic oral health models through 
identifying models’ characteristics by capturing their general and dimensional information, 
without restrictions on time. 
Brondani and MacEntee reported a narrative review of oral health models in 2014 (27), whereas 
our systematic scoping review of the literature has the aim to provide a comprehensive and 
systematic examination of existing generic oral health models in the English scientific 
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literature. We did not consider references about general health models or models about oral 
health behavior and oral health literacy, considering them as the ancillary aspects of the oral 
health construct and did not limit the search to a particular time range. 
To understand various interpretations of the theoretical construct of oral health, we aimed to 
perform a systematic scoping review of existing generic oral health models. By knowing the 
current availability of international scientific literature regarding all generic oral health models 
and their characteristics, researchers will be more knowledgeable about existing constructs of 
oral health. Based on this study’s results, researchers will have the opportunity to determine 
which generic oral health model describes the vast area of oral health best. They will also be 
able to select which model is best for assessing their patients’ oral health outcomes and a 
theoretical model for the development of new dPROMs (7) for measuring a patients’ self-
perceived oral health and thus their QoL. 
This systematic scoping review also has some limitations. The search strategy was limited to 
five electronic databases (Medline, Embase, PsycINFO, Cochrane, and Web of Science) and 
was created to capture references that presented new generic oral health models. Nevertheless, 
these widely known electronic databases in the international dental research community contain 
a vast majority of all scientific references for dentistry. Sekulic et al. (30) reviewed only English 
language scientific literature and, for this reason, could have missed some models published in 
other languages. Assumed was that researchers, who developed a new generic oral health 
model, would want to present their findings to the international dental community and thus 
would publish their studies in English since it is such an internationally accepted language to 
report significant scientific discoveries. 
Moreover, Sekulic et al. (30) did not search for generic oral health models in the grey literature 
because they wanted to focus on peer-reviewed journals since this is where authors have 
published the majority of well-conducted studies related to model development. Authors of the 
systematic scoping review (30) considered the grey literature had less scientific value than the 
peer-reviewed literature, precisely because they aimed to perform a sensitive search about 
generic oral health model development. In addition, they also reviewed references from the 13 
included articles that met the inclusion criteria, as well as references from an identified narrative 
review. Authros (30) did not find any additional articles after reviewing these references (30). 
Additionally, Sekulic et al. (30) did not use a quality assessment tool, because the focus was on 
the detection of developmental studies of generic oral health models for which none of the 
proposed instruments, to assess the quality of the studies, were applicable. The identified 13 
generic oral health models vary substantially. Currently, selecting the best theoretical construct 
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of oral health presents a substantial challenge for international dental researchers due to the 
wide choice of models, their diversity, and above all, confusion in dimensionality. Based on 
this, investigators now have the opportunity to choose an appropriate generic oral health model, 
which aligns with their understanding of the oral health construct. The lack of a coherent 
scheme of oral health does not lead international researchers and clinicians in their efforts to 
improve dental patients’ oral health and QoL. Ideally, international researchers will accept a 
single uniform generic oral health model, which will allow for comparison of oral health 
outcomes across studies and populations and thus elevate science and research in dentistry to a 
higher level of evidence-based practice. 
To conclude, this scoping review has revealed, that although 13 different generic oral health 
models have been proposed so far, it is widely agreed that the dPROMs are nowadays the main 
instruments utilized in evidence-based dentistry where the success of the dental treatment is not 
only measured by clinical parameters only but also takes into account the patient's self-reported 
improvement of oral health (5). The most well-known dPROM (7) is the OHIP (31), considered 
the best instrument for OHRQoL measurement. Therefore, the 4DOHM is currently the only 
model providing good evidence of how OHIP scores fit into these four dimensions of oral 
health, which can significantly affect the validity and reliability of patients’ OHRQoL outcomes 
(34,42). This empirically derived 4DOHM defined by Oral Function, Orofacial Pain, Orofacial 
Appearance, and Psychosocial Impact dimensions provide dentists and researchers an easy to 
understand the theoretical framework for OHRQoL measurement in dental patients 
(34,35,42,43,46). 
1.2. Association between oral health-related and health-related quality of life 
Environmental, behavioral, and personal factors influence both oral and general health, and oral 
health is also considered a “window” to overall health (51,52). The research question of how 
substantial is the overlap between oral health and general health can be measured with the 
patient-reported constructs OHRQoL and HRQoL, that is, how much information on patients’ 
perceived OHRQoL could explain HRQoL, and vice versa (2,3,5,6,18,51,52). Knowing the 
magnitude of the OHRQOL-HRQOL association would serve as a basis for more 
comprehensive treatment of patients treated by various health professionals in general and of 
dental patients, specifically. 
Studies have shown different results for the magnitude of the association between OHRQoL 
and HRQoL. When both constructs were assessed in one cohort of first-year students, with 
single items for self-reported oral and general health in addition to OHIP and self-
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administered PROMs held by RAND Corporation, it was found that OHRQoL and HRQoL 
have different determinants suggesting that the two constructs are unrelated in this healthy 
population (53). In contrast, two studies using OHIP and Short-Form survey PROMs in German 
dental patients identified a high correlation between OHRQoL and HRQoL (54,55). Zimmer et 
al. derived a correlation between OHIP version with 14 (OHIP-14) items and Short-Form 
version with 12 items of 0.31-0.32, while Reissmann et al. reported a slightly higher correlation 
of 0.40 between OHIP-49 and Short-Form version with 36 items (54,55). Interestingly, both 
studies found an absolute value of 0.31 when having an unadjusted correlation between 
summary scores of the OHIP and physical component of the Short Form with 36 items. Ranfl 
and Zeletel-Kragelj assessed the association between self-rated dentate status and self-rated 
general health in over 34,000 subjects from the general population and concluded that poor self-
rated health was associated with a higher number of self-reported missing teeth (56). Another 
study examined trends in self-reported general and oral health by investigating their association 
with sociodemographic factors in a civilian non-institutionalized population (57). They found 
a statistically significant correlation between self-reported general and oral health during the 
entire duration of the study (Pearson correlation: 0.34; (p < 0.001) (57). The findings of all these 
studies differ regarding how much the OHRQoL and HRQoL constructs overlap precisely, 
which makes it difficult to understand to what extent OHRQoL and HRQoL constructs are 
related. It can be assumed that the association between OHRQoL and HRQoL is complex and 
depends on several factors, e.g., the target population, measurement of OHRQoL and HRQoL 
constructs, and the analytical approach how the relations between the constructs are determined. 
As for every research question, the choice of the target population is fundamental. Typical 
dental patients present an important segment of the overall patient population because they 
represent a high number among all patients. 
Single-item or multi-item PROMs can theoretically measure both constructs, but the number of 
items also significantly influences the reliability, validity, and overall precision of 
measurement. HRQoL PROMs designed for medical conditions, e.g., dyspnea (58), are used 
for evaluation of how disease impacts patients HRQoL (59,60). Patient-Reported Outcomes 
Measurement Information System (PROMIS) (61) provides such PROMs, i.e., a set of 
psychometrically tested PROMs with broad ranges of measurement and higher precision than 
most other HRQoL PROMs. With more than 300 individual PROMIS PROMs, it is possible to 




The measurement of OHRQoL has also advanced significantly in the last three decades. Several 
theoretical models exist that aim to explain the OHRQoL construct (30). In 2014, a new 
empirically derived four-dimensional structure of OHRQoL was proposed (34,42), providing 
dentists and researchers a solid theoretical background for the development of measures for 
OHRQoL assessment (34,42,43,46). A group of international authors defined a new theoretical 
model comprising four components or dimensions, namely Oral Function, Orofacial Pain, 
Orofacial Appearance, and Psychosocial Impact (34,42), which provide dentists and researchers 
a solid theoretical background for measuring OHRQoL in dental patients (34,35,42–46). It was 
also demonstrated that this four-dimensional OHRQoL structure could be measured with the 
most extensively applied dental PROMs (7,62), i.e., longer and shorter OHIP versions (31,63–
66), which assess patient’s perception of oral health. Investigation of the measurement precision 
of different OHIP versions has provided evidence that even the ultra-short OHIP version, i.e., 
OHIP-5 (66), precisely measures all four dimensions (66). 
Finally, how the association between OHRQoL and HRQoL constructs is determined and which 
analytical approach is applied can influence the magnitude of the correlation. The most 
commonly used method is correlation analysis. However, the two constructs can be modeled in 
latent variable analyses using PROMs’ items. Such analysis, like SEM analysis (67,68), takes 
into account measurement error when evaluating the constructs. Summarizing the gap in the 
literature about the size of OHRQoL-HRQoL overlap in typical dental patients, OHRQoL and 
HRQoL should be measured with the best available multi-item PROMs and their relation 
determined with latent variable techniques. Based on this knowledge, we can, therefore, assume 
that patients' self-assessment of oral health has a high correlation with the self-assessment of 
general health. 
Aiming to assess the association between OHRQoL and its four dimensions, i.e., Oral Function, 
Orofacial Pain, Orofacial Appearance, and Psychosocial Impact, and HRQoL and its two 
dimensions, i.e., Physical Health and Mental Health, in a dental patient population, the objective 
of the study was to analyze the level of correlation between self-assessed oral health and self-
assessed general health in dental patients. 
1.3. Correlations between the Psychosocial Impact dimension of oral health-related 
quality of life and depression and anxiety 
HRQoL and OHRQoL are substantially correlated and inseparable multidimensional 
constructs, also called PROs (7,55,69). Oral disorders may have a significant influence on 
patients' HRQoL. Good OHRQoL and HRQoL are crucial for preserving good quality of 
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nutrition, physical and cognitive functioning, as well as patients’ QoL in general (70–73). 
Different psychiatric disorders, e.g., severe mental illness, eating, and affective disorders, have 
been related to oral conditions such as erosion and caries (74) and periodontal disease (75–77) 
which negatively impact at least one of the three QoL PROs: Physical, Emotional, and Social 
Well-being (6,78). On the contrary, poor OHRQoL has been linked to systemic conditions, e.g., 
diabetes (79,80), cardiovascular disease, cancer, and chronic lung disease (81) but can also 
affect eating (82), speech (83), and psychosocial components (84) of patients’ health in general. 
Research has shown the association between patients’ OHRQoL and their Physical and 
Psychosocial dimensions (45,85), as well as between patients’ OHRQoL and depression or 
anxiety (77,86–88) using different PROMs (62), i.e., the Geriatric Oral Health Assessment 
Index (89), OHIP-49 (31), and the Self-Rating Depression Scale (90). Evidence has shown that 
OHRQoL PROMs (Geriatric Oral Health Assessment Index and OHIP-49) have a significant 
association between depression and oral health indices (88). Based on these study findings, it 
can be hypothesized that patients’ OHRQoL Psychosocial Impact dimension is moderately to 
largely correlated with depression as well as with anxiety (91). Nevertheless, their correlation 
can be influenced by the studied population, measurement tools, and the analytical approach. 
Also, the correlation between the OHRQoL Psychosocial Impact dimension and depression and 
anxiety can differ across age and gender, as the capability to manage emotional distress during 
patients’ lifetime varies, depending on the situations they are in at a specific time (92). On the 
grounds of these research studies, we can hypothesize that the Psychosocial Impact dimension 
of OHRQoL will most likely highly correlate with depression and anxiety when appropriate 
population and methodology are used. 
Typical dental patients represent essential pieces of the entire patient population. For dentists, 
consideration of patients’ health status while assessing oral conditions should be a segment of 
a thorough evaluation, just as for psychologists and psychiatrists, attention to oral health status 
is important while evaluating patients with serious mental illness (93). For this purpose, 
psychometrically sound and available self-reported PROMs exist and are essential components 
in dental and medical research, evidence-based clinical research and clinical practice, as well 
as in education due to the possibility of providing analytical values of PROs’ outcomes 
capturing information about health status from patients’ subjective assessment. The OHIP (31) 
is the most widely used dPROM (7) to self-report patients’ OHRQoL. To self-report patients’ 
depression and anxiety PROs (94), patient-reported outcomes measurement information system 
(PROMIS) (58,61), an innovative set of PROMs with higher measurement precision, are used. 
Generally, PROMs were influenced by and are based on several models (25,30). In 2014, a 
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modified version of the oral health model was presented. The new theoretical model is 
composed of four components or dimensions, namely Oral Function, Orofacial Pain, Orofacial 
Appearance, and Psychosocial Impact (34,42). The newly established OHRQoL dimensions 
provide a robust conceptual framework for OHRQoL measurement by using all OHIP versions 
(31,63–66) and should also apply to all other OHRQoL PROMs, which assess dental patients’ 
perception of their oral health status. Researchers confirmed that just like more extended OHIP 
versions, e.g., OHIP-49 (31), OHIP-20 (65), OHIP-19 (64), and OHIP-14 (63) item, so the 
shortest OHIP version, i.e., OHIP-5 (66), accurately measure the four OHRQoL dimensions 
(66). Applying the best available PROMs and determining an adequate analytical approach with 
latent variable techniques, where the two PROs (OHRQoL and HRQoL) are modeled in latent 
variable analysis using PROM items, it is possible to fill the gap in the literature related to the 
association between OHRQoL Psychosocial Impact dimension and depression and anxiety in a 
population of the regular dental patient population. 
Until now, no research has investigated the association between the Psychosocial Impact 
dimension of the 4DOHM and the psychosocial distress, precisely depression and anxiety of 
dental patients. It is also not yet known whether depression and anxiety of dental patients are 
well reflected in patients’ OHRQoL Psychosocial Impact dimension. 
Aiming to assess the associations between the Psychosocial Impact of the OHRQoL PRO and 
Depression measure, and the Psychosocial Impact of the OHRQoL PRO and Anxiety measure 
in a dental patient population, the objective of this study was to analyze the level of correlation 
between the Psychosocial Impact dimension of OHRQoL and depression and anxiety in dental 
patients. 
1.4. The coincidence of dental patients needs after dental treatment with the new 
four-dimensional oral health model 
Since 1988, 13 generic oral health models (30) were developed in dentistry to provide dentists 
and researchers a theoretical framework with the most comprehensible explanation of the 
OHRQoL construct (95) or also called PRO (7,69). A few years ago, an empirically derived 
model of oral health defined by four major components or dimensions, namely Oral Function, 
Orofacial Pain, Orofacial Appearance, and Psychosocial Impact, was introduced (34,42). The 
four dimensions were found to be valid by performing EFA and CFA. They used data obtained 
from more than 10,000 49-item OHIP-49 (31) dPROM (7) sets of dental patients and general 
population subjects coming from seven countries (Croatia, Germany, Hungary, Japan, Slovenia, 
Sweden, and United States of America) (34,42). However, the use of the four dimensions has 
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not been examined in dental practices yet. Including international dentists from different fields 
of dentistry and world regions to determine the clinical reason for which their patients seek 
professional help and how their orofacial problems correspond with the four OHRQoL 
dimensions would be informative considering there is no evidence of how well the four-
dimensional OHRQoL model represents patients’ oral health problems. 
Dental patients usually visit their dentists because of oral health problems related to function, 
pain, aesthetics, and psychosocial influences associated with their oral health concerns (96,97), 
but they also visit dentists in order to prevent such problems in the future (98). Dentists try to 
eliminate or alleviate patients’ orofacial pain, restore or improve chewing function, improve the 
aesthetics of the orofacial area, and help patients with their psychosocial concerns related to 
oral health, e.g., patients seeking for prosthodontic treatment to improve their appearance due 
to low self-esteem (99). In essence, the dentists’ primary objective is to restore their patients' 
impaired oral health and to improve their oral health and QoL as a whole (43,100). So far, only 
a few studies have evaluated patients' problems based on dental professionals’ perspectives. 
Authors have utilized electronic surveys to assess patient-specific factors related to oral health 
based on international health professionals’ estimation grouped into six world regions defined 
by WHO (101–103). 
Similarly, in sleep medicine, a research group performed an online survey of international 
health professionals’ evaluation of patient-specific problems related to sleep disorders (104). 
However, no research investigated the coincidence of dental patients’ orofacial problems spread 
across different dental fields with the 4DOHM. Dentists, clinical assessment of their patients’ 
oral health concerns is essential because it provides accurate data and reliable results. Having 
such results, it would be possible to categorize patients’ primary oral health problems into the 
four oral health dimensions, i.e., Oral Function, Orofacial Pain, Orofacial Appearance, and 
Psychosocial Impact. 
Aiming to perform an international electronic dentists survey in the English language about the 
coincidence of their dental patients’ treatment needs with the 4DOHM, in countries 
corresponding to all six WHO world regions, the objective of this study was to analyze the 
perception of dentists of a holistic approach to the treatment of dental patients in different 






2. AIMS AND HYPOTHESES 
 
Aiming to validate the 4DOHM in a dental patient population clinically, the following 
objectives were set. To analyze: 
A1: the level of correlation between self-assessed oral health and self-assessed general health 
in dental patients; 
A2: the level of correlations between the Psychosocial Impact dimension of OHRQoL and 
depression and anxiety in dental patients; 
A3: the perception of dentists of a holistic approach to the treatment of dental patients in 
different cultural environments and various areas of dental care with the 4DOHM. 
Based on the objectives listed above, the thesis was assembled around the central study 
hypothesis: 
H1: the 4DOHM is valid in clinical practice. 
Additional scientific hypotheses of the doctoral thesis were: 
H2: we expect a substantial and statistically significant correlation between self-assessed oral 
health and self-assessed general health, 
H3: we expect substantial and statistically significant correlations between the Psychosocial 
Impact dimension of OHRQoL and depression and anxiety, 
H4: we expect that the majority of patients’ reasons why they seek dental care will coincide, 






3. MATERIALS AND METHODS 
3.1. PART 1. Association between oral health-related and health-related quality of 
life 
3.1.1. Study subjects and data collection 
This study is secondary data analysis, from Dr. John from the University of Minnesota, 
Minneapolis, USA, for which we used data from a cross-sectional study carried out at 
HealthPartners (HP) dental clinics in Minnesota, USA, collected on a sample of adult dental 
patients who speak English and/or Spanish from July 2014 to April 2016.  
Due to the bilingual study design, a consecutive sample of English and Spanish-speaking dental 
patients was targeted to recruit 2,000 patients, among them 400 Spanish-Speakers. Because of 
the difficulty in collecting patients’ data, the target for Spanish-speakers was changed to 300. 
Study participants were patients attending HP dental clinics for dental interventions or follow-
ups and having 40% or less missing information (N = 2,076; response rate 55%) about their 
OHRQoL or HRQoL as measured with the 49-item OHIP and the PROMIS v.1.1 Adult Global 
Health, respectively. Patients completed a self-reported English or Spanish version of the OHIP 
and PROMIS PROMs as both English and Spanish-speaking patients were identified by the 
language indicator in the electronic health record. Spanish-speakers could also be bilingual 
dental patients. The latter were identified by checking the country of origin in the electronic 
dental or medical record. Patients’ were considered bilingual if their language was English or 
absent, and their country of ancestry was in the listing of countries recognized as Spanish: 
Argentina, Bolivia, Chile, Colombia, Costa Rica, Cuba, Dominican Republic, Ecuador, El 
Salvador, Equatorial Guinea, Guatemala, Honduras, Mexico, Nicaragua, Panama, Paraguay, 
Peru, Spain, Uruguay, and Venezuela. 
Patients were identified and contacted before the dental visit by HealthPartners Research 
Foundation’s Data Collection Center. Informed consent was obtained from each patient treated 
for dental interventions or during follow-up. Patients were overseen by a study coordinator that 
collected, checked, followed up on non-respondents, and re-invited them for participation. The 
coordinator contacted every patient who returned an incomplete PROM. 
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3.1.2. Patient-reported outcome measures and items included in structural 
equation modeling 
A battery of broad self-perceived oral and general health PROMs, more specifically, OHIP-49 
(31) and PROMIS v.1.1 Adult Global Health (58,105), was administered to each participant. 
Both instruments were developed in the English language and thoroughly psychometrically 
tested in English and Spanish language versions (31,58,106–108). The two PROMs represent 
precise and commonly used measures to self-report oral and general health and, thus, are the 
most appropriate instruments to explore the OHRQoL-HRQoL association. 
3.1.2.1. Oral Health Impact Profile with 49 items 
The OHIP version with 49 items dental PROM is commonly used in dental research and dental 
practices to assess patients’ self-perception of their social impacts of orofacial disorders on their 
well-being and QoL, in other words, patients’ subjective perspective of their oral health as a 
whole and QoL (31). OHIP is based on seven conceptual domains, i.e., Functional Limitation, 
Physical Pain, Psychological Discomfort, Physical Disability, Psychological Disability, Social 
Disability, and Handicap (31). These domains are composed out of nine items (Functional 
Limitation, Physical Pain, and Physical Disability), two items (Psychological Discomfort and 
Social Disability), and six items (Psychological Disability and Handicap) with a possible range 
in scores of 9 – 36, 5 – 20, and 6 – 24, respectively (11,31). OHIP consists of 49 questions that 
specifically aimed to capture a range of orofacial effects varying from functional impacts 
through to pain, individual impacts, and social interaction (31). It offers five response options, 
where “0” indicated the absence of any problem, while higher OHIP scores represent more 
impaired patients' QoL due to orofacial impairments (31). OHIP-49 can be scored based on its 
dimensions or with an overall score, also referred to as a summary score with a range of 0 – 
196.  
To give the construct OHRQoL the same direction in comparison to the construct HRQoL 
regarding their correlation estimation, we reversely coded OHIP items so that higher summary 
scores represented better OHRQoL. With reversely coded oral health items, a positive 
correlation between OHRQoL and HRQoL scales indicated that better OHRQoL is associated 
with better HRQoL. 
We characterized the overall score or summary score of OHIP and, thus, OHRQoL according 
to the four dimensions of OHRQoL, namely Oral Function, Orofacial Pain, Orofacial 
Appearance, and Psychosocial Impact (34,42). The four dimensions were composed out of ten 
OHIP’s items, i.e., #1, 2, 6, 16, 24-26, 28, 29, 32), seven items, i.e., #10-15, 17, six items, i.e., 
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#3, 4, 19, 20, 22, 31, and 18 items, i.e., #23, 33-49, respectively, and derived from the 41 OHIP 
items that were identified in the previous exploratory (EFA) and confirmatory factor analyses 
(CFA) when OHIP-49 structure was investigated. 
3.1.2.2. The Patient-Reported Outcomes Measurement Information System 
PROMIS v.1.1 – Global Health PROM measures self-reported general health in an adult 
population. It is composed of two components or dimensions, namely Physical Health and 
Mental Health (105,109). It consists of a Physical and a Mental Health score, each composed 
of four items producing a higher level of measurement precision. The two domains capture a 
patient's overall physical and mental health in the past seven days. Specific items belonging to 
the two domains and the PROMIS v.1.1 – Global Health PROM as a whole can be found at the 
PROMIS official website (105,109). 
Table 3. Conversion of the response scores of the Patient-Reported Outcomes Measurement 
Information System v.1.1 Adult Global Health scale items, i.e., the Global Health 10, 08, and 
07 items into the Patient-Reported Outcomes Measurement Information System v.1.2 Adult 
Global Health scale items, i.e., Global Health 10r, 08r, and 07r items. 
PROMIS v.1.1 – Global Health scale 










“5” Very severe 
Response score 0-10 changes into response score 1-5 
PROMIS v.1.2 – Global Health scale 










“1” Very severe 
The 0-10 response scores are re-coded in the Assessment 
Center, the Assessment Center API, and the HealthMeasures 
Scoring Service 
PROMIS Patient-Reported Outcomes Measurement Information System.  
Note: Reported are only conversions made on PROMIS v.1.1 – Global Health. 
The values of the response to each question for a given respondent are summed. Therefore, we 
used raw scores. The remaining two items assess overall HRQoL. Each item offers five 
response options.  
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However, different items had different response options where “1” indicated the absence of any 
problem, and “5” represented more impaired general health. The PROMIS v.1.1 – Global 
Health PROM was recently addressed as “a retired” (105). Therefore, to have a comparable 
scoring system with the latest PROMIS version, i.e., PROMIS v.1.2 Global Health, we 
converted the difference in response scores between the two PROMs to the latest applicable 
scale (Table 3). 
PROMIS v.1.0 Emotional Distress – Depression (94) measures the level of depression by 
evaluating self-reported negative mood, views of self, social cognition, and decreased positive 
affect and engagement. It consists of 28 items with five response options. The Depression score 
is the sum of responses to the 28 items. In this study, a higher Depression score indicated more 
severe depression with a possible range of 28, i.e., all responses are “Never,” meaning no 
depression, to 140, i.e., all responses are “Always” meaning the presence of depression. 
3.1.3. Structural equation modeling confirmatory factor analysis and path 
analysis models 
We analyzed the following three models with structural equation modeling (SEM) methodology 
(67,68,110–112). 
Model 1 
We measured HRQoL with the two HRQoL factors, i.e., Physical Health and Mental Health. 
Each factor contained four items from PROMIS v.1.1 Global Health PROM. In this model, only 
the two factors (Physical and Mental Health) of HRQoL were used because PROMIS 
documentation does not indicate a global HRQoL factor that combines the two HRQoL factors. 
We measured OHRQoL with four first-order factors, i.e., the dimensions of OHRQoL (Oral 
Function, Orofacial Pain, Orofacial Appearance, and Psychosocial Impact). In addition, we 
introduced a second-order OHRQoL factor comprising the four first-order factors. With this 
analytical approach, we determined two correlation coefficients for the HRQoL-OHRQoL 
association: one for HRQoL Physical Health – OHRQoL and one for HRQoL Mental Health – 
OHRQoL. 
Model 2 
Even if the PROMIS authors do not suggest forming a single factor for PROMIS v.1.1 Global 
Health PROM, we added a second-order global HRQoL factor in Model 2 because we wanted 
to derive a single correlation coefficient characterizing the association between OHRQoL and 





To be comparable with previous analysis (55), three independent variables, i.e., age, gender, 
and level of depression, were included in path analysis (68,113). Age and gender were self-
reported by the patients. This model allows computing the association between OHRQoL and 
HRQoL controlled for potential confounders. We first approached the path analysis model by 
adding the three independent variables to Model 2. However, we encountered problems fitting 
the second model, and for this reason, have added the three independents to Model 1 composed 
by one global OHRQoL factor and two HRQoL Physical and Mental Health factors, which we 
regressed upon patients’ age, gender, and Depression score. 
SEM-based second-order CFA was used to test the model fit scale of OHIP and PROMIS 
PROMs and to assess correlations between global OHRQoL factor and its four dimensions with 
HRQoL Physical and Mental Health dimensions. Besides, correlation coefficients between 
OHRQoL dimensions were estimated from the SEM second-order CFA model. CFA in Mplus 
results in factor scales weighted by factor loadings. As a result, scales generated using Mplus 
CFA will have different means and correlations with other scales than simpler summated scales, 
which assume equal weight for each item in the scale. 
3.1.4. Data analysis 
We performed all statistical analyses with Mplus Statistical Software, version 8 (Muthén & 
Muthén, Los Angeles, CA, USA). For data description, we used standard descriptive statistical 
methods. We presented (i) self-reported oral health score based on the Locker’s overall health 
question, i.e., “How would you describe the health of your teeth or mouth?” with five response 
options ranging from “excellent” [5] to “poor” [1], (ii) self-reported general health score based 
on the first generic health question from PROMIS v.1.1. Global Health PROM, i.e., “In general, 
would you say your health is…” with five response options ranging from “excellent” [5] to 
“poor” [1], (iii) OHIP scores as OHIP summary score based on its 49 items, and (iv) the four 
OHRQoL dimensional scores, i.e., Oral Function dimensions was computed out of 10 OHIP’s 
items [#1, #2, #6, #16, #24  #26, #28, #29, #32], Orofacial Pain out of seven items [#10  #15, 
#17], Orofacial Appearance out of six items [#3, #4, #19, #20, #22, #31], and Psychosocial 
Impact out of 18 OHIP’s items [#23, #33  #49].  
Two indices for a model fit that account for model complexity are the Comparative Fit Index 
(CFI) and Tucker-Lewis Index (TLI). For both of these, an index value higher than 0.95 
indicates a good fit of the model to the data. The Root Mean Square Error of Approximation 
(RMSEA) of less than 0.08 indicates a good fit (114,115). More recently, RMSEA of less than 
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0.06 or a stringent upper limit of 0.07 is the current consensus for a good fit (116). The Weighted 
Root-Mean-Square Residual (WRMR) uses a variance-weighted approach, especially suited for 
models whose variables are measured on different scales or have widely unequal variances 
(117). The WRMR statistic of less than 1.0 indicates a good fit. Standardized Root Mean Square 
Residual (SRMR) was not provided in Mplus output because the default model type in Mplus 
is the Mean Structure, and SRMR is not applicable. We judged the magnitude of correlation 
coefficients, according to Cohen’s r (118,119), where the effect size of 0.1 was considered 
“small,” 0.3 “medium,” and 0.5 “large.” 
3.1.5. Missing data 
Mplus uses by default a Full Information Maximum Likelihood (FIML) estimation approach to 
handle missing values (120). With FIML, missing values are not replaced or imputed, but the 
analysis model handles missing data so that all available information is used to estimate the 
covariance matrix of the model. 
Study subjects that did not complete 40% or more of the 41 non-denture and non-symptom 
status items of OHIP-49, PROMIS v.1.1 Global Health, and v.1.0 Emotional Distress – 
Depression were excluded from the study; 98% of patients in the analysis sample were missing 
less than 5% of 46 oral health items, and 96% were missing less than 5% of the ten global health 
items. For the Depression score, the average item score from non-missing responses was 
imputed for these patients missing less than 40% of items; 93% of patients were not missing 
any depression items, and 97% were missing less than 5% of 28 depression items. 
3.2. PART 2. Correlations between the Psychosocial Impact dimension of oral 
health-related quality of life and depression and anxiety 
3.2.1. Study subjects and data collection 
Adult dental patients’ data came from a cross-sectional study carried out at HealthPartners 
(HP), Minnesota, USA. This study is a secondary data analysis of available data, from the 
Ph.D. Candidate’s co-mentor, Dr. Mike T. John, from the University of Minnesota, 
Minneapolis, USA, collected on a sample of 2,076 adult dental patients who speak English 
and/or Spanish, from July 2014 to April 2016. 
The detailed description of study participants and data collection is described in Study subjects 
and data collection of Part 1. 
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3.2.2. Patient-reported outcome measures: items and factors included in 
structural equation modeling 
A set of perceived oral and general health PROMs, i.e., OHIP version with 49 items (OHIP-49) 
(31) and PROMIS v.1.0 Emotional Distress – Depression, and PROMIS v.1.0 Emotional 
Distress – Anxiety (58,61,94), in English and Spanish were administered to evaluate dental 
patients Psychosocial Impact dimension of OHRQoL and depression and anxiety of HRQoL. 
These PROMs present meaningful constructs in self-reported OHRQoL and HRQoL in order 
to examine their association. 
3.2.2.1. Oral Health Impact Profile with 49 items 
The OHIP version with 49 items dental PROM measures patients perceived oral health by self-
reported dysfunction, discomfort, and disability attributed to oral conditions. It is based on 
Locker’s theoretical oral health model defined by seven domains, i.e., Functional Limitation, 
Physical Pain, Psychological Discomfort, Physical Disability, Psychological Disability, Social 
Disability, Handicap, and one total score also defined as OHIP summary score (11). OHIP 
consists of 49 items that specifically aimed to capture a range of orofacial effects varying from 
functional impacts to pain, individual impacts, and social interaction. Responses for OHIP items 
were originally on a 5-point Likert scale from Never [0] to Very Often [4] with a possible range 
in scores from zero to 196. For consistency with the recoded PROMIS response format 
(described below), OHIP responses were recoded from Never [1] to Very Often [5]. Based on 
previous research (34,42,55), we excluded the three OHIP items evaluating patients wearing 
any dentures because the majority of patients, about 80%, were dentate and, thus, would have 
missing data for these items. The three excluded items were painful aching, discomfort, and 
unable to eat. In addition, we excluded five OHIP items, i.e., breath stale, food catching, 
digestion worse, miserable, and unable to brush teeth, which did not show significant 
correlations with the four dimensions (34,42). The remaining 41 items were diversified into the 
four OHRQoL dimensions as suggested by EFA (34,42), and CFA, where the Oral Function 
dimension presented significant correlations with ten OHIP items, i.e., #1, #2, #6, #16, #24 – 
#26, #28, #29, #32, Orofacial Pain with seven items, i.e., #10 – #15, #17, Orofacial Appearance 
with the six items, i.e., #3, #4, #19, #20, #22, #31, and Psychosocial Impact dimension 
presented significant correlation coefficients even with these 18 items, i.e., #23, #33 – #49 of 
the OHIP dental PROM (42,108). However, because we were only interested in dental patients 
Psychosocial Impact dimension, the total score of the Psychosocial Impact dimension was 
indicated by 18 OHIP items, with values ranging from 18 to 90 after recoding (described 
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above), which were used for the assessment of the association between OHRQoL Psychosocial 
Impact and depression, and OHRQoL Psychosocial Impact and anxiety. 
3.2.2.2. The Patient-Reported Outcomes Measurement Information System 
v.1.0 Emotional Distress – Depression questionnaire 
PROMIS is a battery of HRQoL PROMs that assess and oversee Physical, Mental, and Social 
Health in general and chronic populations. In this study, we used PROMIS v.1.0 Emotional 
Distress – Depression (94) to assess patients’ depression state. This PROM consists of 28 items 
and examines patient self-reported negative mood, views, social cognition, decreased positive 
affect, and engagement during the past seven days. Original response options for Depression 
PROM items were on a Likert scale and ranged from Never [5] to Always [1]. For this analysis, 
the items were recoded to range from Never [1] to Always [5] so that higher scores represented 
increased patients’ depression. Depression score is characterized by one overall score indicated 
by the sum of all 28 responses (scale scores range from 28 to 140). This PROM was developed 
based on thorough qualitative and quantitative methods. Therefore, all items describing 
depression were documented and used in this study. The entire PROMIS v.1.0 Emotional 
Distress – Depression can be found at the official PROMIS website (94). 
3.2.2.3. The Patient-Reported Outcomes Measurement Information System 
v.1.0 Emotional Distress – Anxiety questionnaire 
We used PROMIS v.1.0 Emotional Distress – Anxiety (94) to assess patients’ state of anxiety. 
It consists of 29 items and examines patient self-reported fear, anxious, hyperarousal, and 
somatic symptoms related to arousal for the past seven days. Original response options for 
Anxiety PROM items were on a Likert scale and ranged from Never [5] to Always [1]. For this 
analysis, the items were recoded to range from Never [1] to Always [5]. It is also characterized 
by one overall score indicated by the sum of all 29 items (scale scores range from 29 to 145). 
Anxiety PROM was developed based on thorough qualitative and quantitative methods as 
Depression PROM. Thus, all anxiety items were documented and used in this study.  
With the recoding system of OHRQoL Psychosocial impact dimension, Depression, and 
Anxiety scores, i.e., in the direction of higher scores representing increased OHRQoL 
Psychosocial Impact, increased depression, and increased anxiety, all correlations were 
positive. The entire PROMIS v.1.0 Emotional Distress – Anxiety can be found at the official 
PROMIS website (94). 
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3.2.3. Structural equation modeling confirmatory factor analysis and path 
analysis models 
With the SEM analytical approach, we analyzed four models. 
Model 1 
A confirmatory factor analysis (CFA) SEM model was run to estimate the correlation between 
one first-ordered OHRQoL factor, i.e., the Psychosocial Impact dimension, which consists of 
18 items from OHIP-49 dental PROM, with one global Depression factor, which consists of 28 
items from PROMIS v.1.0 Emotional Distress – Depression PROM. With this statistical 
approach, i.e., SEM CFA, we determined one correlation coefficient for the OHRQoL 
Psychosocial Impact-depression association (Figure 1). 
Model 2 
Similar to Model 1, we used one first-ordered OHRQoL factor, i.e., the Psychosocial Impact 
dimension to represent OHRQoL and one global Anxiety factor, which consists of 29 items 
from PROMIS v.1.0 Emotional Distress – Anxiety PROM to represent HRQoL. With SEM 
CFA, the correlation coefficient for the OHRQoL Psychosocial Impact-anxiety association was 
estimated (Figure 2). 
Model 3 
We added two independent variables to Model 1, i.e., age and gender, which were included in 
the SEM-based path analysis to allow comparability with previous research (55,88). Age and 
gender were self-assessed by the patients. This model estimated the correlation coefficient 
between OHRQoL Psychosocial Impact and depression controlled for possible confounders 
(Figure 3). 
Model 4 
Similar to Model 3, we added two self-reported independent variables, i.e., age and gender, to 
Model 2 that were included in the SEM-based path analysis. This model estimated the 
correlation coefficient between OHRQoL Psychosocial Impact and anxiety controlled for 
possible confounders (Figure 4). 
To evaluate the association between the Psychosocial Impact dimension of OHRQoL and 
depression and anxiety, SEM-based CFA was used to test model fit of OHRQoL Psychosocial 
Impact dimension, Depression, and Anxiety scores, and to assess the correlations between 
OHRQoL Psychosocial Impact dimension and depression and anxiety in two separate models. 
SEM-based path analysis was used to test the model fit and estimate correlations when age and 
gender were included in the models as possible confounders. The CFA in Mplus results in factor 
scales weighted by factor loadings. As a result, scales generated using Mplus CFA will have 
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different means and correlations with other factor scales than simpler summated scales which 
assume equal weight for each item in the scale, i.e., if summated scores are created using the 
simple sum of item scores for each dimension, the means and correlations will be different from 
the Mplus CFA scores which take into account factor loadings for each item and weight the 
items accordingly. A simple summated score gives equal weight to each item in the scale and 
does not take into account that some items are more strongly correlated with other items giving 
them higher weight in the factor sum. 
3.2.4. Data analysis 
All statistical analyses were carried out using STATA (Stata Statistical Software: Release 14.2, 
rev.19; 2016, College Station, TX: StataCorp LP) and Mplus Statistical Software, version 8 
(Muthén & Muthén, Los Angeles, CA, USA). 
Descriptive statistics, mean and standard deviation (SD) for continuous variables while 
percentages for categorical variables were used to summarize study subjects’ demographic and 
clinical characteristics. Patients' self-reported oral health was assessed using OHIP dental 
PROMs’ general item, i.e., “How would you describe the health of your teeth or mouth?” 
comprising five response options ranging from “excellent” [5] to “poor” [1]. OHIP scores were 
presented as OHIP-49, -14, and -5 summary scores, i.e., all OHIP items were summed. 
Summary scores of each of the four OHRQoL dimensions were also computed in a similar way, 
i.e., Oral Function dimension was computed out of ten OHIP’s items, Orofacial Pain out of 
seven items, Orofacial Appearance out of six items, and Psychosocial Impact dimension out of 
18 OHIP’s items. PROMIS scores were presented as PROMIS summated scale scores for both 
Depression and Anxiety PROMs with codings as described previously. 
SEM fit statistics were estimated for the intricacy of the model. For CFI and TLI, an index value 
higher than 0.95 indicates a good model fit. The RMSEA presents an index value of less than 
0.06 or a rigid upper limit of 0.07, which indicates a good model fit (114,115). The WRMR 
presents an index of less than 1.0 which indicates a good model fit (117). The SRMR due to the 
default model type in Mplus was not applicable and, therefore, was not provided in Mplus 
output. The size of the correlation coefficients was interpreted according to Cohen’s correlation 
coefficient (r) guidelines (118,119), where an r of 0.1 was considered “small effect size,” 0.3 a 
“medium effect size,” and 0.5 a “large effect size.” 
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3.2.5. Missing data 
Mplus Statistical Software uses, by default, a “full information maximum likelihood” 
estimation approach where missing values are not replaced or imputed; the analysis model 
utilizes all available data to estimate the covariance matrix of the model (120). We subsequently 
set the rule that dental patients who did not respond to 40% or more of the 41 OHIP non-denture 
and non-symptom status items, 28 PROMIS v.1.0 Emotional Distress – Depression items, and 
29 PROMIS v.1.0 Emotional Distress – Anxiety items that they were excluded from the study. 
3.3. PART 3. The coincidence of dental patients needs after dental treatment with 
the new four-dimensional oral health model 
3.3.1. Electronic survey 
The online survey in the English language was created and conducted in the software Qualtrics 
(Qualtrics, Utah), designed for online data collection and analysis. In the introductory part of 
the survey, dentists were informed about the goal of the research, with the time needed to 
complete the survey and the anonymity of data collection. Dentists were asked to evaluate their 
dental patients’ orofacial problems that coincide with Oral Function, Orofacial Pain, Orofacial 
Appearance, and Psychosocial Impact dimensions. 
The survey contained a question regarding patients’ primary problems for which they typically 
visit dentists and a question related to dentists’ assessment of the four problem groups 
(functional, painful, aesthetic, psychosocial) that fit their dental patients’ current oral health 
concerns with the 4DOHM. Besides these questions, dentists were asked to answer some 
additional demographic questions, such as the country in which they currently work as a dentist, 
their age, their gender, and in which major field(s) of dentistry, i.e., restorative dentistry, 
including endodontics and prosthodontics, periodontology, oral and maxillofacial surgery, 
orthodontics, and oral medicine and/or temporomandibular disorders (TMD), they regularly 
diagnose and treat patients. Answers were in percentages, in the form of offered answers, or 
dichotomized (yes/no) answers. In cases where dentists were not capable of distributing their 
patients’ oral health problems into one of the four problem groups, they had the possibility of 
choosing the fifth group, i.e., non-categorized (dental patients’ oral health) problems. The 




3.3.2. Countries included in the study 
Our goal was to perform a worldwide study based on dentists coming from Slovenia and 
dentists who work in clinical practice in at least three countries per world region specified by 
WHO (101). The distribution of the participating countries according to the WHO classification 
is presented in Figure 19, while Figure 20 illustrates the allocation of the included country on a 
world map. 
 
Figure 19. Distribution of participating countries by groups as defined by World Health 
Organization classification. 
WHO World Health Organization; USA United States of America. 
Countries that were included in the African Region were Ghana, Nigeria, and South Africa. In 
the Region of the Americas, Brazil, Chile, Colombia, Panama, and the United States of America 
(USA) were included. The South-East Asia Region included India, Thailand, and Sri Lanka. 
The European Region included Austria, Bosnia, and Herzegovina (BIH), Croatia, Denmark, 
Germany, Italy, Macedonia, Russia, Serbia, Slovenia, Sweden, Switzerland, and the United 
Kingdom (UK). The Eastern Mediterranean Region included Iran, Morocco, and Saudi Arabia. 





Figure 20. Illustration of the 32 participating countries (in gray color) from the six world regions 
as defined by World Health Organization. 
The study was conducted between June 2017 and July 2018 at the Department of Diagnostic 
and Biological Sciences, University of Minnesota School of Dentistry, USA, and at the 
Department of Prosthodontics, Faculty of Medicine, University of Ljubljana, Slovenia. The 
Slovenian Ethical Approval was obtained on August 22, 2017, and is located in Appendix 3. 
3.3.3. Study subjects 
We invited all licensed Slovenian dentists, who were contacted by email through the Medical 
Chamber of Slovenia, which enabled us, through the global public health interest, to invite all 
active Slovenian dentists to complete the online survey. A convenience sample of active dentists 
from 31 participating countries was invited to take part in this study via e-mail. One reference 
dentist from each participating country, who was entitled as “center dentist” and who was 
tasked with recruiting at least ten dentists working in his/her country, was contacted. Center 
dentists contacted their colleagues either via e-mail, by phone, or in person. Once dentists 
accepted the invitation to complete the survey, they got access to the online survey. All 
participating dentists were asked to provide data about their dental patients and were informed 
that the survey was anonymous. Besides being asked to invite dentists from all fields of 
dentistry (restorative dentistry, periodontology, oral and maxillofacial surgery, pediatric 
dentistry, orthodontics, and oral medicine and/or temporomandibular disorders), they were told 
that they could also invite University professors from academic dental institutions, private 
African Region 
Region of the Americas South-East Asia Region 
European Region 
Eastern Mediterranean Region 
Western Pacific Region 
Doctoral Thesis 
 48 
dentists, general dentists, as well as retired dentists that still work as dentists at least a couple 
of hours per month.  
Therefore, the inclusion criteria were: 
- All active dentists with a valid license in the country where they perform their 
profession, 
- Dentists that have seen patients in the past year, 
- General (primary) dentists, 
- Dental specialists, and 
- Dentists with the ability to read, understand and respond to a written survey in English. 
Exclusion criteria for study subjects were: 
- Retired dentists, 
- Dentists without an active dental license, 
- More than one center dentist in a particular country, and 
- Dental students. 
The minimum requirement for the country to be included in the survey analysis was ten 
complete responses per country. 
3.3.4. Data collection 
Data was collected by inviting center dentists from Slovenia and 31 countries, and all six world 
regions, to participate in the study between June 2017 and July 2018. We determined in advance 
and afterward invited one center dentist for each participating country. Initially, 35 countries 
worldwide were invited to take part in this study. Three countries out of 35 did not meet 
inclusion criteria. Thus, 32 countries were included. 
In Slovenia, all active dentists were invited in three waves to complete the online survey; in 
September 2017, in February 2018, and in March 2018. Center dentists from the 31 countries 
were contacted in more than three waves (N = 8) due to a large number of participating 
countries. USA dentists were invited first, in June 2017. Austria, Colombia, Germany, Japan, 
Sweden, and Switzerland were invited in August 2017. Iran, Panama, and the UK were invited 
in September 2017. Australia, Croatia, India, Macedonia, Singapore, and Thailand were invited 
in November 2017. Morocco and China were invited in December 2017. In February and March 
2018, BIH and Serbia were invited, respectively. Brazil, Italy, Nigeria, Russia, Saudi Arabia, 
and Sudan were invited in May 2018. Chile, Ghana, Netherlands, South Africa, Sri Lanka, and 
Uganda were invited in June 2018. Center dentists were updated every week about the 
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recruitment status and the number of responses per country. Non-response or center dentists’ 
recruitment of fewer than ten dentists in a particular country, was addressed by deleting the 
country from the analysis or by recruiting another center dentist from the same or a different 
country. 
Slovenian data had different data collection methodologies. Therefore, it can be hypothesized 
that the 4DOHM should be valid in all clinical dental fields. The proportion of four-dimensional 
oral health problems should be high in all settings. Thus, we expect that majority of patients’ 
problems regardless of the clinical dental field, i.e., restorative dentistry, periodontology, oral 
and maxillofacial surgery, pediatric dentistry, orthodontics, and oral medicine and/or 
temporomandibular disorders will coincide with the four dimensions of the 4DOHM, i.e., Oral 
Function, Orofacial Pain, Orofacial Appearance, and Psychosocial Impact. 
3.3.5. Data analysis 
All statistical analyses were performed based on dentists who marked to be actively working in 
one or more dental fields and percentages of dental patients’ oral health problems from dentists’ 
dental files assessments in the statistical software STATA (Stata Statistical Software: Release 
14.2, rev.19; 2016, College Station, TX: StataCorp LP). 
Quantitative statistical methods were used for data processing and the characterization of 
dentists’ responses. We computed percentages of all dentists’ responses of their dental patients’ 
oral health concerns categorized into the four OHRQoL dimensions (Oral Function, Orofacial 
Pain, Orofacial Appearance, and Psychosocial Impact) based on Slovenia and WHO world 
regions classification. We have additionally added six dental fields (restorative dentistry, 
periodontology, oral and maxillofacial surgery, orthodontics, and oral medicine and/or 
temporomandibular disorders) on which was based the categorization of all dentists, i.e., from 
Slovenia and all six world regions, distribution of their dental patients’ oral health problems 
into the 4DOHM. Results are presented with figures. We additionally evaluated all dentists’ 
global model fit assessment about their dental patients’ oral health problems in percentages. 
Results are presented with figures and tables. 
Moreover, we computed the cumulative proportions of four-dimensional dental patients’ oral 
health problems per field of dentistry. Because data provided by Slovenian dentists are more 
trustful, e.g., all Slovenian dentists had a chance to be included in the study, and the reason for 
non-response is likely not related to patients’ four-dimensional oral health problems, we 
compared Slovenian dentists to dentists coming specifically from the European Region, 
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because of its geographical position, and to all other 31 country dentists from the WHO world 
regions, geographically and meaningfully.  
Thus, Slovenian and 31 country dentists’ responses to their patients’ oral health problems were 
examined in percentages. Results are presented in tables as mean values and their 95% CI, and 
figures. The calculations of the difference between two proportions, the effect size (ES) (119), 
i.e., Cohens’ h, and 95% CIs, were used to express differences between responses collected 
from Slovenian and 31 country dentists, where h = 0.2 was considered a “small effect size,” 






4.1. PART 1. Association between oral health-related and health-related quality of 
life 
4.1.1. Demographic and clinical characteristics 
In total, 2,076 dental patients completed OHIP-49 and PROMIS v.1.1 Global Health PROMs 
(Table 4). Patients had a mean age of 54.7 (16.2) years, and 59.7% of participants were women. 
The majority of dental patients were dentated patients (81.4%) and spoke English language 
(84.5%). The least patients (0.2%) declared to be Hawaiian or to come from other pacific 
islands. Even 87.7% of dental patients did not report their ethnicity due to unknown reasons. 
The participating dental patients reported an overall good oral health (35.2%) and good general 
health (38.4%). The OHIP-49 summary score presented low oral health impact in general in 
dental patients. Patients dimensional oral health impact based on the new 4DOHM was low in 
all four OHRQoL dimensions; Oral Function 6.4 (7.6), Orofacial Pain 6.0 (5.7), Orofacial 
Appearance 6.9 (7.0), and Psychosocial Impact 7.8 (12.0).  
PROMIS v.1.1 Global Health PROM’s dimensional impact was considered low in patients 
Physical Health dimension 15.3 (2.9) as well as in patients Mental Health dimension 15.1 (3.0). 
The number of included patients who completed PROMIS v.1.0 Emotional Distress – 
Depression resulted in 2,049 dental patients with a mean age (SD) 54.8 (16.2) years, of which 





Table 4. Dental patients’ demographic and clinical characteristics. 
 
 
N number of dental patients; SD standard deviation; OHIP Oral Health Impact Profile; PROMIS Patient-Reported 
Outcomes Measurement Information System.  
Dental patients (N = 2,076) Mean (SD) or % 
Demographics 
 
Gender (female) 59.7 
Age (years) 54.7 (16.2) 
Dentures  
Complete denture 2.6 
Removable denture 16.0 






Black or African American 7.7 
Hawaiian/other pacific islanders 0.2 





Hispanic or Latino 12.3 
Unknown 87.7 
Self-reported oral health  
Excellent 6.5 




Self-reported general health  
Excellent 10.3 
Very good 36.8 
Good 38.4 
Moderate 13.0  
Poor 1.3 
OHIP summary score  
OHIP-49 32.0 (32.3) 
OHIP-49 dimensional scores  
Oral Function 6.4   (7.6) 
Orofacial Pain 6.0   (5.7) 
Orofacial Appearance 6.9   (7.0) 
Psychosocial Impact 7.8   (12.0) 
PROMIS v.1.1 Global Health dimensional scores  
Physical Health 15.3 (2.9) 
Mental Health  15.1 (3.0) 
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4.1.2. Model 1. Structural equation modeling second-order confirmatory factor 
analysis for one second-order global oral health-related quality of life and 
two first-order health-related quality of life measures 
For the model conceptualizing HRQoL with two factors (Physical Health and Mental Health) 
and OHRQoL with four factors (Oral Function, Orofacial Pain, Orofacial Appearance, and 
Psychosocial Impact) and an overall factor OHRQoL (Figure 12), all correlation coefficients 
displayed in Table 5 were positive and significant (p < 0.05). The correlation between the 
OHRQoL score and the two HRQoL scores was “large,” according to Cohen; 0.55 with Physical 
Health factor and 0.51 with Mental Health factor. 
 
Figure 12. Structural equation modeling confirmatory factor analysis for the assessment of 
correlations of one second-ordered global oral health-related quality of life measure Oral Health 
Impact Profile version with 49 items and two first-ordered health-related quality of life 
measures Patient-Reported Outcomes Measure Information System v.1.1 Global Health. 
Note: Circles reflect latent constructs, and rectangles represent measured variables. 




The two HRQoL scores, i.e., Physical and Mental Health, were almost entirely correlated 
(r = 0.98). All four first-order OHRQoL scores were very strongly to almost perfectly correlated 
with the second-order OHRQoL score (r = 0.81-0.98). The first four order OHRQoL scores 
were strongly correlated with each other (r = 0.67-0.81). 
Table 5. The model estimated the correlation matrix for first and second-order factors from 
structural equation modeling confirmatory factor analysis for Model 1. 
 














Physical Health 1.00       
Mental Health 0.89 1.00      
OHRQoL 0.55 0.51 1.00     
Oral Function 0.45 0.41 0.81 1.00    
Orofacial 
Appearance 
0.49 0.45 0.88 0.72 1.00   
Orofacial Pain 0.46 0.42 0.83 0.67 0.73 1.00  
Psychosocial 
Impact 0.54 0.50 0.98 0.79 0.86 0.81 1.00 
OHRQoL oral health-related quality of life. 
Note: The highlighted correlations are the only correlations that are specified by Model 1. All other correlations 
between all latent variables and dimensions were generated but were not specified by the model. 
The proportion of variance in the Physical and Mental Health of HRQoL explained by 
OHRQoL was R2 for Physical Health of HRQoL and was equal to 0.30. In this population, 30% 
of the variance in Physical Health was described by the global OHRQoL score. The R2 for the 
Mental Health of HRQoL was equal to 0.26. In this population, 26% of the variance in Mental 
Health was explained by the global OHRQoL score. We present the CFA Model Fit statistics 











Table 6. Model fit statistics for structural equation modeling confirmatory factor analysis of 
Model 1 (global oral health-related quality of life factor and the two first-order health-related 
quality of life factors), structural equation modeling confirmatory factor analysis of Model 2 
(global oral health-related quality of life factor and global health-related quality of life factor), 
and the path analysis Model 3 (additionally added three independent variables to Model 1). 
 
Model Fit Statistics 
Model 1 Model 2 Model 3 
Index value 
Comparative Fit Index (CFI) 0.96 0.96 0.94 
Tucker-Lewis Index (TLI) 0.95 0.95 0.94 
Standardized Root Mean Square 
Residual (RMSEA) 
0.06  
(95% CI:0.063 – 0.065) 
0.06 
(95% CI:0.063 – 0.065) 
0.06 
(95% CI:0.061 – 0.063) 
Weighted Root Mean Square 
Residual (WRMR) 3.14 3.14 3.16 
4.1.3. Model 2. Structural equation modeling second-order confirmatory factor 
analysis for second-order global oral health-related quality of life measure 
indicated by four first-order oral health-related quality of life factors and a 
second-order global health-related quality of life measure indicated by two 
first-order health-related quality of life factors 
Compared to the model conceptualizing HRQoL with two factors (Physical and Mental Health) 
and OHRQoL with four factors (Oral Function, Orofacial Pain, Orofacial Appearance, and 
Psychosocial Impact) and an overall factor OHRQoL (Figure 13), this model, i.e., Model 2, 
contains an overall HRQoL factor. 
In this model, HRQoL and OHRQoL are represented by their two or four dimensions, 
respectively, measured by OHIP-49 and PROMIS v.1.1 Global Health PROMs. We present the 
CFA Model Fit statistics for Model 2 in Table 6. The added level of complexity with a second-
order global HRQoL factor did not alter the exactness of model fit. In line with Cohen’s r 
guidelines, the correlation of 0.56 between OHRQoL and HRQoL scores was “large.” All 





Figure 13. Structural equation modeling confirmatory factor analysis for the assessment of 
correlations of one second-ordered global oral health-related quality of life measure Oral Health 
Impact Profile with 49 items and one second-ordered global health-related quality of life 
measure Patient-Reported Outcomes Measurement Information System v.1.1 Global Health.  
Note: Circles reflect latent constructs, and rectangles represent measured variables. 
OHRQoL oral health-related quality of life; HRQoL health-related quality of life; ghlt global 
health; OHIP Oral Health Impact Profile. 
Table 7. Estimated correlation matrix for first and second-order factors from structural equation 
modeling confirmatory factor analysis for Model 2. 
 
HRQoL health-related quality of life; OHRQoL oral health-related quality of life. 
Note: The highlighted correlations are the only correlations that are specified by Model 2. All other correlations 
between all latent variables and dimensions were generated but were not specified by the model. 













HRQoL 1.00        
Physical Health 0.98 1.00       
Mental Health 0.90 0.89 1.00      
OHRQoL 0.56 0.55 0.51 1.00     
Oral Function 0.46 0.45 0.41 0.81 1.00    
Orofacial Appearance 0.50 0.49 0.45 0.88 0.72 1.00   
Orofacial Pain 0.47 0.46 0.42 0.83 0.67 0.73 1.00  
Psychosocial Impact 0.55 0.54 0.50 0.98 0.79 0.86 0.81 1.00 
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4.1.4. Model 3. Structural equation modeling path analysis 
The SEM path model was specified for CFA Model 2 with the global HRQoL, and OHRQoL 
second-order factors regressed on the patients' age, gender, and Depression score. The strong 
correlation between Physical Health and global HRQoL (0.98 in CFA Model 2) resulted in 
linear dependency between these two factors when we included additional variables in the 
model. Therefore, we used the model conceptualizing HRQoL with two factors (Physical 
Health and Mental Health) and OHRQoL with four factors, i.e., Oral Function, Orofacial Pain, 
Orofacial Appearance, and Psychosocial Impact and an overall OHRQoL factor (Figure 14).  
 
Figure 14. Structural equation modeling path analysis for correlations of one second-ordered 
global oral health-related quality of life measure Oral Health Impact Profile with 49 items and 
two first-ordered health-related quality of life measures Patient-Reported Outcomes 
Measurement Information System v.1.1 Global Health. 
Note: Circles reflect latent constructs, and rectangles represent measured variables. 




We presented the Model fit statistics in Table 5. Patients’ older age was significantly (p = 0.024) 
associated with increased OHRQoL and decreased Physical Health factor scores and was not 
significantly associated with Mental Health. Female gender was associated with significantly 
lower Physical and Mental health scores but was not significantly associated with the OHRQoL 
score. Increased Depression score (more depression) was significantly associated with 
decreased OHRQoL, Physical, and Mental Health factor scores (Table 8). 
Table 8. The structural equation modeling path analysis model estimated standardized 
regression coefficients. Standardized estimates are for the mean change in factor score for one 





OHRQoL Physical Health Mental Health 
Estimate (SE) p-value Estimate (SE) p-value Estimate (SE) p-value 
Age 0.052 (0.023) 0.024 -0.167 (0.022) <0.001 0.007 (0.018) 0.704 
Female -0.029 (0.023) 0.195 -0.101 (0.022) <0.001 -0.055 (0.018) 0.003 
Depression score -0.410 (0.019) <0.001 -0.520 (0.018) <0.001 -0.663 (0.012) <0.001 
SE estimated standardized regression coefficient; OHRQoL oral health-related quality of life. 
The proportion of variance in Physical and Mental Health explained by OHRQoL, adjusted for 
the effect of age, gender, and Depression score was R2 for the Physical Health of HRQoL equal 
to 0.27. In this population, 27% of the variance in Physical Health of HRQoL was explained by 
the global OHRQoL score, accounting for the effect of age, gender, and Depression score. The 
R2 for Mental Health of HRQoL equals 0.22. In this population, 22% of the variance in Mental 
Health of HRQoL was explained by the global OHRQoL score, accounting for the effect of 
age, gender, and depression. 
The magnitude of correlations between the factors in this model was significant (p < 0.05) and 
similar to those of Model 1. According to Cohen’s r, the association between the two HRQoL 
scores (Physical and Mental Health) of 0.87 was “large,” as well as correlations of all four first-
order OHRQoL scores with the second-order global OHRQoL score which ranged from 0.83 
to 0.97, and with each other ranging from 0.68 to 0.86. 
The correlation between the global OHRQoL score and the two HRQoL scores was “large,” 
according to Cohen’s guidelines; 0.52 with Physical Health factor and 0.47 with Mental Health 
factor (Table 9). 
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Table 9. Estimated correlation matrix for first and second-order factors adjusted for age, gender, 
















Physical Health 1.00       
Mental Health 0.87 1.00      
OHRQoL 0.52 0.47 1.00     
Oral Function 0.43 0.39 0.83 1.00    
Orofacial Appearance 0.46 0.42 0.88 0.73 1.00   
Orofacial Pain 0.43 0.39 0.83 0.68 0.73 1.00  
Psychosocial Impact 0.50 0.46 0.97 0.80 0.86 0.80 1.00 
OHRQoL oral health-related quality of life. 
Note: The highlighted correlations are the only correlations that are specified by Model 3. All other correlations 
estimates were generated but were not specified by the model. 
4.2. PART 2. Correlations between the Psychosocial Impact dimension of oral 
health-related quality of life and depression and anxiety 
4.2.1. Demographic and clinical characteristics 
Two thousand and seventy-six dental patients with the mean age (SD) 54.7 (16.2) years and 
with more than half being female (59.7%) participated in this study. Only 18.5% of patients had 
removable (15.9%) or complete (2.6%) dentures. The patients’ primary language was English 
(84.5%). About three thirds (70.4%) of patients were white, and 87.7% did not specify their 
ethnicity. The majority of dental patients rated their OHRQoL as good oral health (35.2%). The 
mean (SD) Depression score was 42 (18.8), an average Depression item score of 1.5 
representing the mid-point between “Never” and “Rarely.” Similarly, the mean (SD) Anxiety 
score of 43.5 (17.7) represents an average Anxiety item score of 1.5, the mid-point between 
“Never” and ‘Rarely.” Detailed patients’ demographic characteristics are displayed in Table 4 






4.2.2. Model 1. Structural equation modeling confirmatory factor analysis for 
one first-order oral health-related quality of life Psychosocial Impact and 
one global Depression measures 
For the model conceptualizing the correlation between OHRQoL Psychosocial Impact 
dimension and depression, the correlation coefficient was positive and significant (p < 0.001). 
According to Cohen, the estimated correlation between the OHRQoL Psychosocial Impact 
dimension and Depression score of 0.53 (95% CI: 0.49 – 0.57), indicated a “large” level of 
correlation between the two factors (Figure 15). 
 
Figure 15. Structural equation modeling confirmatory factor analysis for the assessment of 
correlation of one first-ordered oral health-related quality of life Psychosocial Impact and one 
global Depression measures.  
Note: Circles reflect latent constructs, and rectangles represent measured variables. 
DEP depression; OHRQoL oral health-related quality of life; OHIP Oral Health Impact Profile. 
The proportion of variance of the Depression score explained by the OHRQoL Psychosocial 
Impact dimension was 28.5% (0.532). This is also the proportion of variance in the OHRQoL 
Psychosocial Impact dimension explained by the Depression score since the correlation 
coefficient explains the association in both directions. The SEM CFA model fit statistics for 
Model 1 indicated a good fit and are presented in Table 10. 
Table 10. Model fit indices for all four structural equation modeling models. 
 
Models Model Fit Statistics 





Mean Square Residual 
(RMSEA) (95% CI) 
Standardized Root 
Mean Square Residual 
(SRMR) 
Model 1 0.987 0.987 0.036 (0.035 – 0.038) 0.033 
Model 2 0.972 0.970 0.046 (0.045 – 0.047) 0.044 
Model 3 0.987 0.987 0.036 (0.034 – 0.037) 0.034 
Model 4 0.970 0.969 0.045 (0.044 – 0.046) 0.044 
CI confidence interval. 
Doctoral Thesis 
 62 
4.2.3. Model 2. Structural equation modeling confirmatory factor analysis for 
one first-order oral health-related quality of life Psychosocial Impact and 
one global Anxiety measures 
For the model conceptualizing the correlation between OHRQoL Psychosocial Impact 
dimension and anxiety, the correlation coefficient was positive and significant (p < 0.001). The 
estimated correlation between the OHRQoL Psychosocial Impact dimension and the Anxiety 
score was 0.56 (95% CI: 0.52 – 0.60), indicated a “large” level of correlation between the two 
factors (Figure 16). 
 
Figure 16. Structural equation modeling confirmatory factor analysis for the assessment of 
correlation of one first-ordered oral health-related quality of life Psychosocial Impact and one 
global Anxiety measures.  
Note: Circles reflect latent constructs, and rectangles represent measured variables. 
ANX anxiety; OHRQoL oral health-related quality of life; OHIP Oral Health Impact Profile. 
The proportion of variance of the Anxiety score explained by the OHRQoL Psychosocial 
Impact dimension was 31.1% (0.562). This is also the proportion of variance in the OHRQoL 
Psychosocial Impact dimension explained by the Anxiety score since correlation coefficients 
explain the association in both directions. SEM CFA model fit statistics for Model 2 are 
presented in Table 10. 
4.2.4. Model 3. Structural equation modeling path analysis for one first-order 
oral health-related quality of life Psychosocial Impact and one global 
Depression measures 
The SEM path analysis model was specified for SEM-based CFA Model 1, consisting of the 
OHRQoL Psychosocial Impact dimension and Depression score regressed on age and gender. 
The correlation between the OHRQoL Psychosocial Impact dimension and depression adjusted 




Figure 17. Structural equation modeling confirmatory factor analysis for assessment of 
correlation of one first-ordered oral health-related quality of life Psychosocial Impact and one 
global Depression measures.  
Note: Circles reflect latent constructs, and rectangles represent measured variables. 
Dep depression; OHIP Oral Health Impact Profile. 
The magnitude of the correlation between the factors in this model was positive and significant 
(p < 0.001). 






OHRQoL Psychosocial Impact Depression 
Estimate (SE) p-value Estimate (SE) p-value 
Age -0.098 (0.026) <0.001 -0.050 (0.025) 0.046 
Gender (F vs M)  0.047 (0.026)   0.067  0.052 (0.025) 0.039 
SE estimated standardized regression coefficient; OHRQoL oral health-related quality of life. 
Note: Standardized estimates are for the mean change in factor score for a 1 SD (standard deviation) increase in 
the independent variable. Higher factor scores represent increased OHRQoL Psychosocial Impact and increased 
Depression.  
Patients’ older age was significantly associated with decreased OHRQoL Psychosocial Impact 
(p < 0.001) and decreased depression (p = 0.046). Female gender was associated with 
significantly higher depression (p = 0.039) and marginally significantly higher OHRQoL 
Psychosocial Impact (p = 0.067). Correlation coefficients represent the association in either 
direction; therefore 28.4% (R2) of the variance in OHRQoL Psychosocial Impact was explained 
by the Depression score, accounting for the effect of age and gender, and 28.4% (R2) of the 
variance in Depression score was explained by the OHRQoL Psychosocial Impact dimension, 
accounting for the effect of age and gender. The percent of variance explained by the other 
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variable is the correlation coefficient squared (0.532 = 0.28) (Table 11). SEM path analysis 
model fit statistics for Model 3 are presented in Table 10. 
4.2.5. Model 4. Structural equation modeling path analysis for one first-order 
oral health-related quality of life Psychosocial Impact and one global 
Anxiety measures 
The SEM path analysis model was specified for SEM-based CFA Model 2, consisting of the 
OHRQoL Psychosocial Impact dimension and Anxiety score regressed on patients’ age and 
gender (Figure 18). The estimated correlation between the OHRQoL Psychosocial Impact 
dimension and anxiety adjusted for age and gender was 0.56 (95% CI: 0.52 – 0.60), similar to 
the unadjusted model. 
 
Figure 18. Structural equation modeling path analysis for assessment of correlation of one 
first-ordered oral health-related quality of life (OHRQoL) Psychosocial Impact and one global 
Anxiety measures.  
Note: Circles reflect latent constructs, and rectangles represent measured variables. 
Anx anxiety; Ohip Oral Health Impact Profile. 






OHRQoL Psychosocial Impact Anxiety 
Estimate (SE) p-value Estimate (SE) p-value 
Age -0.098 (0.026) <0.001 -0.050 (0.024)   0.035 
Gender (F vs M)  0.047 (0.026)   0.067  0.101 (0.024) <0.001 
SE estimated standardized regression coefficient; OHRQoL oral health-related quality of life.  
Note: Standardized estimates are for the mean change in factor score for a 1 SD (standard deviation) increase in 




The magnitude of the correlation between the factors in this model was positive and significant 
(p < 0.001). 
Patients’ older age was significantly associated with decreased OHRQoL Psychosocial Impact 
(p < 0.001) and decreased anxiety (p = 0.035). Female gender was associated with significantly 
higher anxiety (p < 0.001) and marginally significantly higher OHRQoL Psychosocial Impact 
(p = 0.067). Correlation coefficients represent the association in either direction so that 31.0% 
(R2) of the variance in OHRQoL Psychosocial Impact dimension was explained by the Anxiety 
score, accounting for the effect of age and gender, and 31.0% (R2) of the variance in the Anxiety 
score was explained by the OHRQoL Psychosocial Impact dimension, accounting for the effect 
of age and gender (Table 12). SEM CFA model fit statistics for Model 4 are presented in Table 
10. 
4.3. PART 3. The coincidence of dental patients needs after dental treatment with 
the new four-dimensional oral health model 
4.3.1. Study subjects’ characterization 
In total, 32 countries from all six WHO world regions (101) participated in this study. Overall, 
2,960 dentists accessed the survey, but 1,380 dentists (46.6%) did not fully complete the survey. 
In total, 1,580 (53.4%) of them completed the online survey. More than half of the respondents 
were female (54%) with the mean age of 38.6 (10.5) years. Sixty-two percent of dentists 
reported being the general dentist of their patients. Most dentists work in the field of restorative 
dentistry (70%), followed by periodontology (41.8%), pediatric dentistry (32.8%), oral and 
maxillofacial surgery (27.6%), and oral medicine and/or temporomandibular Disorders 
(21.2%). The fewest dentists worked in orthodontics (15.3%). Dentists’ general characteristics 










Table 13. Dentists’ demographics per Slovenia and all other 31 countries and World Health 
Organization world regions sorted by dental fields. 
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WHO World Health Organization; SD standard deviation; N number of dentists; TMD temporomandibular 
disorders. 
Note: Dentists who marked more than one field of dentistry are counted several times. 
About 40% of all dentists reported working in a single dental field, i.e., 20% of them practice 
restorative dentistry, and only 2.9% practice oral medicine and/or temporomandibular 
disorders.  
Table 14. Numbers of all participating dentists practicing in a single dental field based on 
Slovenia and all world regions. 
 
 
WHO world region 
classification  













Number of dentists 
Slovenia 49 4 1 18 10 1 
European Region 167 22 27 48 48 15 
African Region 11 7 17 6 2 7 
Region of the Americas 22 5 3 8 11 7 
South-East Asia Region 16 18 3 4 3 4 
Eastern Mediterranean Region 65 14 7 12 7 9 
Western Pacific Region 35 3 2 5 1 5 
31 countries 316 69 59 83 72 47 
All 32 participating countries 365 73 60 101 82 48 
WHO World Health Organization; TMD temporomandibular disorders. 
A thousand and five hundred and eighty dentists from all 32 participating countries and world 
regions provided information for their dental patients’ oral health problems. Just over half of 
all dentists (N = 729) stated to be actively working in only one field of dentistry of which 365 
worked in the field of restorative dentistry, 73 in periodontology, 60 in oral and maxillofacial 
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surgery, 101 in pediatric dentistry, 82 in orthodontics, and 48 in oral medicine and/or TMD. 
Two hundred and twenty-three Slovenian dentists provided information for their dental 
patients’ problems. Eighty-three dentists stated they were actively working in only one field of 
dentistry; restorative dentistry (N = 49), pediatric dentistry (N = 18), orthodontics (N = 10), 
periodontology (N = 4), oral and maxillofacial surgery (N = 1), and oral medicine and/or 
temporomandibular disorders (N = 1). Table 14 represents the exact number of Slovenian 
dentists and all other country dentists and world regions, as defined by WHO, based on the six 
dental fields of interest. 
4.3.2. Dental patients’ oral health problems coincidence with the new four-
dimensional oral health model 
As many as 94.2% of all patients’ oral health problems were sorted to Oral Function, Orofacial 
Pain, Orofacial Appearance, and Psychosocial Impact dimension of the 4DOHM based on 
1,580 dentists’ assessment, i.e., dentists from all 32 participating countries; Slovenian dentists 
sorted 94.2%, European dentists 93.1%, African dentists 97.2%, American dentists 94.4%, 
South-Est Asian dentists 95.7%, East Mediterranean dentists 96.8%, Western Pacific dentists 
93.9%, and dentists from 31 countries and all WHO world regions sorted 94.2% of all their 
dental patients’ oral health problems to the 4DOHM. The vast majority of dentists grouped their 
dental patients’ problems in the Orofacial Pain dimension; Slovenian (37.6%), European 
(40.2%), African (62.2%), American (41.0%), South-East Asian (59.6%), East Mediterranean 
(51.3%), Western Pacific (42.8), all participating countries together (44.1%). The in-detail 
presentation of the coincidence of all dental patients’ oral health problems with the 4DOHM 





Figure 21. Dental patients’ functional, painful, aesthetic, psychosocial, and non-categorized 
oral health problems distribution into the four-dimensional oral health model based on 










Oral function Orofacial Pain Orofacial Appearance Psychosocial Impact Non-categorized problems
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4.3.3. Dental patients’ problems coincidence with the four oral health 
dimensions based on dentists’ assessment working in the six dental fields 
Dentists from all 32 countries and all six WHO regions included in the study reported that 
94.2% of all their dental patients’ oral health problems coincided with the four dimensions of 
the 4DOHM, i.e., Oral Function, Orofacial Pain, Orofacial Appearance, and Psychosocial 
Impact. Participating dentists working in the field of restorative dentistry (N = 1,122) 
categorized 95.2% of their dental patients’ oral health problems within the four dimensions of 
the 4DOHM. Dentists working in the field of periodontology (N = 666) categorized 94.3% of 
patients’ problems, dentists practicing in oral and maxillofacial surgery (N = 440) categorized 
94.9% of patients’ problems, dentists working in the field of pediatric dentistry (N = 523) 
grouped 93.6% of patients’ problems, dentists working in orthodontics (N = 243) grouped 
93.3% of patients’ problems, and dentists working in the field of oral medicine and/or TMD 
(N = 338) categorized 94.3% of their dental patients’ oral health problems within the 4DOHM. 
Specific dimensional oral health problems per dental fields are presented in Figure 22. 
 
Figure 22. Assignment of worldwide dental patients’ oral health problems to the four-
dimensional oral health model based on dentists’ evaluation by dental fields. 




Slovenian dentists working in the field of restorative dentistry (N = 184) categorized 95.3% of 
their dental patients’ oral health problems within the four dimensions of the 4DOHM; in 
periodontology (N = 115) 93.8%, in oral and maxillofacial surgery (N = 67) 95.1%, in 
pediatric dentistry (N = 82) 92.2%, in orthodontics (N = 24) 89.1%, and the field of oral 
medicine and/or TMD (N = 32) 93.5%. Dental patients’ oral health problems related to Oral 
Function were sorted by dentists working in restorative dentistry, reaching 29.2%, 
periodontology 27.0%, oral and maxillofacial surgery 28.8%, pediatric dentistry 21.8%, 
orthodontics 17.0%, and oral medicine and/or TMD 26.0%. Problems related to Orofacial Pain 
were sorted by dentists working in restorative dentistry, reaching 39.7%, periodontology 
38.4%, oral and maxillofacial surgery 36.6%, pediatric dentistry 47.8%, orthodontics 25.4%, 
and oral medicine and/or TMD 34.2%. Problems related to Orofacial Appearance were sorted 
by dentists working in restorative dentistry, reaching 19.0%, periodontology 20.0%, oral and 
maxillofacial surgery 22.2%, pediatric dentistry 16.0%, orthodontics 40.7%, and oral medicine 
and/or TMD 25.2%. Finally, problems related to their Psychosocial Impact were sorted by 
dentists working in restorative dentistry, reaching 7.4%, periodontology 8.4%, oral and 
maxillofacial surgery 7.5%, pediatric dentistry 6.6%, orthodontics 6%, and oral medicine 
and/or TMD 8.1% (Figure 23). 
 
Figure 23. Assignment of Slovenian dental patients’ oral health problems to the four-
dimensional oral health model based on dentists’ evaluation by dental fields. 
TMD temporomandibular disorders. 
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Dentists from the European Region that actively work in the field of restorative dentistry 
(N = 713) categorized 94.4% of their dental patients’ oral health problems within the four 
dimensions of the 4DOHM; in periodontology (N = 402) 92.7%, in oral and maxillofacial 
surgery (N = 244) 93.6%, in pediatric dentistry (N = 327) 92.8%, in orthodontics (N = 149) 
92.0%, and the field of oral medicine and/or TMD (N = 204) 93.5%. Dental patients’ oral 
health problems related to Oral Function were sorted by dentists working in restorative 
dentistry, reaching 26.2%, periodontology 22.5%, oral and maxillofacial surgery 23.7%, 
pediatric dentistry 19.1%, orthodontics 17.4%, and oral medicine and/or TMD 24.6%. 
Problems related to Orofacial Pain were sorted by dentists working in restorative dentistry, 
reaching 41.0%, periodontology 45.0%, oral and maxillofacial surgery 46.0%, pediatric 
dentistry 49.6%, orthodontics 32.2%, and oral medicine and/or TMD 44.5%. Problems related 
to Orofacial Appearance were sorted by dentists working in restorative dentistry, reaching 
20.0%, periodontology 17.0%, oral and maxillofacial surgery 16.8%, pediatric dentistry 
16.0%, orthodontics 32.5%, and oral medicine and/or TMD 16.4%. Finally, problems related 
to their Psychosocial Impact were sorted by dentists working in restorative dentistry, reaching 
8.2%, periodontology 8.2%, oral and maxillofacial surgery 7.1%, pediatric dentistry 8.1%, 
orthodontics 9.9%, and oral medicine and/or TMD 8.0% (Figure 24). 
 
Figure 24. Assignment of European dental patients’ oral health problems to the four-
dimensional oral health model based on dentists’ evaluation by dental fields. 
TMD temporomandibular disorders. 
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Dentists from the African Region that actively work in the field of restorative dentistry 
(N = 68) categorized 96.9% of their dental patients’ oral health problems within the four 
dimensions of the 4DOHM; in periodontology (N = 59) 97.0%, in oral and maxillofacial 
surgery (N = 64) 96.7%, in pediatric dentistry (N = 53) 97.1%, in orthodontics (N = 23) 97.6%, 
and the field of oral medicine and/or TMD (N = 37) 96.8%. Dental patients’ oral health 
problems related to Oral Function were sorted by dentists working in restorative dentistry, 
reaching 15.4%, periodontology 16.1%, oral and maxillofacial surgery 14.4%, pediatric 
dentistry 14.2%, orthodontics 15.0%, and oral medicine and/or TMD 16.8%. Problems related 
to Orofacial Pain were sorted by dentists working in restorative dentistry, reaching 63.4%, 
periodontology 63.0%, oral and maxillofacial surgery 64.0%, pediatric dentistry 64.9%, 
orthodontics 57.4%, and oral medicine and/or TMD 60.2%. Problems related to Orofacial 
Appearance were sorted by dentists working in restorative dentistry, reaching 12.4%, 
periodontology 12.0%, oral and maxillofacial surgery 13.5%, pediatric dentistry 12.7%, 
orthodontics 20.3%, and oral medicine and/or TMD 13.4%. Finally, problems related to their 
Psychosocial Impact were sorted by dentists working in restorative dentistry, reaching 5.7%, 
periodontology 5.9%, oral and maxillofacial surgery 4.8%, pediatric dentistry 5.3%, 
orthodontics 4.9%, and oral medicine and/or TMD 6.4% (Figure 25). 
 
Figure 25. Assignment of African dental patients’ oral health problems to the four-dimensional 
oral health model based on dentists’ evaluation by dental fields. 
TMD temporomandibular disorders. 
Doctoral Thesis 
 75 
Dentists from the Region of the Americas working in the field of restorative dentistry (N = 73) 
categorized 95.1% of their dental patients’ oral health problems within the four dimensions of 
the 4DOHM; in periodontology (N = 34) 96.5%, in oral and maxillofacial surgery (N = 27) 
94.8%, in pediatric dentistry (N = 33) 90.2%, in orthodontics (N = 30) 95.8%, and in the field 
of oral medicine and/or TMD (N = 26) 93.5%. Dental patients’ oral health problems related to 
Oral Function were sorted by dentists working in restorative dentistry, reaching 19.4%, 
periodontology 28.0%, oral and maxillofacial surgery 20.6%, pediatric dentistry 16.8%, 
orthodontics 16.5%, and oral medicine and/or TMD 19.8%. Problems related to Orofacial Pain 
were sorted by dentists working in restorative dentistry, reaching 47.0%, periodontology 
38.2%, oral and maxillofacial surgery 48.0%, pediatric dentistry 46.7%, orthodontics 21.3%, 
and oral medicine and/or TMD 43.0%. Problems related to Orofacial Appearance were sorted 
by dentists working in restorative dentistry, reaching 20.7%, periodontology 20.7%, oral and 
maxillofacial surgery 17.3%, pediatric dentistry 18.8%, orthodontics 49.0%, and oral medicine 
and/or TMD 22.7%. Finally, problems related to their Psychosocial Impact were sorted by 
dentists working in restorative dentistry, reaching 8%, periodontology 9.6%, oral and 
maxillofacial surgery 8.9%, pediatric dentistry 7.7%, orthodontics 9.0%, and oral medicine 
and/or TMD 8.0% (Figure 26). 
 
Figure 26. Assignment of American dental patients’ oral health problems to the four-
dimensional oral health model based on dentists’ evaluation by dental fields. 
TMD temporomandibular disorders. 
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Dentists from the South-East Asia Region working in the field of restorative dentistry (N = 74) 
categorized 96.6% of their dental patients’ oral health problems within the four dimensions of 
the 4DOHM; in periodontology (N = 72) 95.9%, in oral and maxillofacial surgery (N = 45) 
95.9%, in pediatric dentistry (N = 39) 95.5%, in orthodontics (N = 13) 95.6%, and the field of 
oral medicine and/or TMD (N = 28) 94.8%. Dental patients’ oral health problems related to 
Oral Function were sorted by dentists working in restorative dentistry, reaching 18.6%, 
periodontology 18.6%, oral and maxillofacial surgery 16.8%, pediatric dentistry 16.2%, 
orthodontics 11.0%, and oral medicine and/or TMD 15.5%. Problems related to Orofacial Pain 
were sorted by dentists working in restorative dentistry, reaching 60.5%, periodontology 
59.9%, oral and maxillofacial surgery 62.9%, pediatric dentistry 60.1%, orthodontics 60.0%, 
and oral medicine and/or TMD 65.0%. Problems related to Orofacial Appearance were sorted 
by dentists working in restorative dentistry, reaching 13.0%, periodontology 12.5%, oral and 
maxillofacial surgery 11.1%, pediatric dentistry 14.3%, orthodontics 18.4%, and oral medicine 
and/or TMD 9.5%. Finally, problems related to their Psychosocial Impact were sorted by 
dentists working in restorative dentistry, reaching 4.5%, periodontology 4.9%, oral and 
maxillofacial surgery 5.1%, pediatric dentistry 4.9%, orthodontics 6.2%, and oral medicine 
and/or TMD 4.8% (Figure 27). 
 
Figure 27. Assignment of South-East Asian dental patients’ oral health problems to the four-
dimensional oral health model based on dentists’ evaluation by dental fields. 
TMD temporomandibular disorders. 
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Dentists from the East Mediterranean Region working in the field of restorative dentistry 
(N = 114) categorized 97.3% of their dental patients’ oral health problems within the four 
dimensions of the 4DOHM; in periodontology (N = 57) 95.7%, in oral and maxillofacial 
surgery (N = 40) 98.0%, in pediatric dentistry (N = 42) 97.7%, in orthodontics (N = 18) 99.6%, 
and the field of oral medicine and/or TMD (N = 27) 95.0%. Dental patients’ oral health 
problems related to Oral Function were sorted by dentists working in restorative dentistry, 
reaching 21.6%, periodontology 22.6%, oral and maxillofacial surgery 24.1%, pediatric 
dentistry 15.0%, orthodontics 20.3%, and oral medicine and/or TMD 25.3%. Problems related 
to Orofacial Pain were sorted by dentists working in restorative dentistry, reaching 53.0%, 
periodontology 50.2%, oral and maxillofacial surgery 52.1%, pediatric dentistry 63.4%, 
orthodontics 34.2%, and oral medicine and/or TMD 52.0%. Problems related to Orofacial 
Appearance were sorted by dentists working in restorative dentistry, reaching 18.0%, 
periodontology 17.2%, oral and maxillofacial surgery 15.7%, pediatric dentistry 14.9%, 
orthodontics 40.0%, and oral medicine and/or TMD 14.2%. Finally, problems related to their 
Psychosocial Impact were sorted by dentists working in restorative dentistry, reaching 4.7%, 
periodontology 5.7%, oral and maxillofacial surgery 6.1%, pediatric dentistry 4.4%, 
orthodontics 5.1%, and oral medicine and/or TMD 3.5% (Figure 28). 
 
Figure 28. Assignment of East Mediterranean dental patients’ oral health problems to the four-
dimensional oral health model based on dentists’ evaluation by dental fields. 
TMD temporomandibular disorders. 
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Dentists from the Western Pacific Region working in the field of restorative dentistry (N = 80) 
categorized 93.8% of their dental patients’ oral health problems within the four dimensions of 
the 4DOHM; in periodontology (N = 42) 96.0%, in oral and maxillofacial surgery (N = 20) 
91.0%, in pediatric dentistry (N = 29) 91.8%, in orthodontics (N = 10) 86.4%, and the field of 
oral medicine and/or TMD (N = 16) 97.2%. Dental patients’ oral health problems related to 
Oral Function were sorted by dentists working in restorative dentistry, reaching 29.5%, 
periodontology 23.6%, oral and maxillofacial surgery 25.0%, pediatric dentistry 22.7%, 
orthodontics 17.0%, and oral medicine and/or TMD 31.2%. Problems related to Orofacial Pain 
were sorted by dentists working in restorative dentistry, reaching 41.7%, periodontology 
51.0%, oral and maxillofacial surgery 43.0%, pediatric dentistry 45.0%, orthodontics 44.5%, 
and oral medicine and/or TMD 43.0%. Problems related to Orofacial Appearance were sorted 
by dentists working in restorative dentistry, reaching 15.3%, periodontology 14.5%, oral and 
maxillofacial surgery 14.4%, pediatric dentistry 16.7%, orthodontics 20.0%, and oral medicine 
and/or TMD 15.2%. Finally, problems related to their Psychosocial Impact were sorted by 
dentists working in restorative dentistry, reaching 7.3%, periodontology 6.9%, oral and 
maxillofacial surgery 8.6%, pediatric dentistry 7.4%, orthodontics 4.9%, and oral medicine 
and/or TMD 7.8% (Figure 29). 
 
Figure 29. Assignment of Western Pacific dental patients’ oral health problems to the four-
dimensional oral health model based on dentists’ evaluation by dental fields. 
TMD temporomandibular disorders. 
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Except for Slovenian dentists, all other participating dentists from 31 countries and all six 
WHO regions (N = 1,357) categorized 94.9% of their dental patients’ oral health problems 
within the four dimensions of the 4DOHM. Dentists working in the field of restorative dentistry 
(N = 938) categorized 95.6% of their dental patients’ oral health problems, dentists practicing 
periodontology (N = 551) categorized 94.2% of patients’ problems, dentists working in the 
field of oral and maxillofacial surgery (N = 373) grouped 94.8% of patients’ problems, dentists 
working in pediatric dentistry (N = 441) categorized 93.7% of patients’ problems, dentists 
practicing in the field of orthodontics (N = 219) grouped 93.4% of patients’ problems, and 
dentists working in the field of oral medicine and/or TMD (N = 306) grouped 94.1% of their 
dental patients’ oral health problems within the four dimensions of the 4DOHM, i.e., Oral 
Function, Orofacial Pain, Orofacial Appearance, and Psychosocial Impact (Figure 30). 
 
Figure 30. Assignment of 31 country dental patients’ oral health problems to the four-
dimensional oral health model based on dentists’ evaluation by dental fields. 






4.3.4. Global four-dimensional model fit of dental patients’ oral health problems 
The overall dentists’ assessment of Slovenian and all other countries' dental patients’ oral health 
problems’ allocation into the 4DOHM was similar. The majority of all dentists reported a 
“Good fit” of the 4DOHM; Slovenia 48.4%, European Region 45.3%, African Region 39.6%, 
Region of the Americas 42.3%, South-East Asia Region 51.3%, Eastern Mediterranean Region 
39.0%, Western Pacific Region 46.0%, 31 country dentists 44.8%, and all 32 countries together 
44.9% (Table 15). 
Table 15. Dentists’ responses, from all World Health Organization world regions, of their dental 
patients’ oral health concerns coincidence with the four-dimensional oral health model. 
 
Global model assessment 
 
WHO world regions 












Slovenia (223) 10   (4.4) 74   (33.1) 108 (48.4) 27   (12.1) 4   (1.7) 
European Region (739) 76   (10.2) 224 (30.3) 335 (45.3) 88   (11.9) 16 (2.1) 
African Region (111) 8     (7.2) 35   (31.3) 44   (39.6) 19   (17.1) 5   (4.5) 
Region of the Americas (118) 13   (11.0) 42   (35.5) 50   (42.3) 11   (9.3) 2   (1.6) 
South-East Asia Region (113) 9     (7.9) 24   (21.2) 58   (51.3) 21   (18.5) 1   (0.8) 
Eastern Mediterranean Region (174) 11   (6.3) 60   (34.4) 68   (39.0) 29   (16.6) 6   (3.4) 
Western Pacific Region (102) 6     (5.8) 28   (27.4) 47   (46.0) 14   (13.7) 7   (6.8) 
31 countries (1,357) 118 (8.9) 398 (30.0) 591 (44.8) 176 (13.3) 35 (2.6) 
All 32 countries together (1,580) 133 (8.42) 487 (30.82) 710 (44.94) 209 (13.23) 41 (2.59) 
WHO World Health Organization; N number of dentists. 
4.3.5. Frequencies of Slovenian and 31 countries dental patients’ oral health 
problems based on dentists’ evaluation by dental fields 
Slovenian dentists reported their dental patients’ oral health problems related to Orofacial Pain 
were the most prevalent in Pediatric Dentistry with the mean of 47.8 (95% CI: 42.7 – 52.9), 
restorative dentistry 39.7 (95% CI: 36.3 – 43.2), periodontology 38.4 (95% CI: 34.2 – 42.5), 
oral and maxillofacial surgery 36.5 (95% CI: 32.3 – 41.8), and oral medicine and/or 
temporomandibular disorders 34.1 (95% CI: 25.8 – 42.5). The Orofacial Appearance was the 







Table 16. Dental patients’ orofacial problems falling into problem groups based on dentists’ 
assessment from the six dental fields between Slovenia and European Region or 31 countries 
























(26.3 – 32.0) 
39.7 
(36.3 – 43.2) 
19.0 
(16.9 – 21.2) 
7.5 
(6.3 – 8.6) 
4.4 




(24.6 – 27.8) 
40.9 
(38.8 – 43) 
19.9 
(18.5 – 21.3) 
7.3 
(6.6 – 7.9) 
5.6 




(22.8 – 25.2) 
46.1 
(44.4 – 47.7) 
18.2 
(17.2 – 19.2) 
6.6 
(6.2 – 7.1) 
4.9 
(4.2 – 5.6) 
Periodontology 
Slovenia 26.9 
(23.8 – 30.0) 
38.4 
(34.2 – 42.5) 
20.0 
(17.6 – 22.4) 
8.5 
(6.9 – 10.0) 
6.1 




(20.6 – 24.3) 
45.0 
(42.2 – 47.7) 
17.0 
(15.5 – 18.5) 
8.1 
(6.9 – 9.2) 
7.3 




(20.4 – 23.0) 
49.4 
(47.4 – 51.4) 
15.9 
(14.9 – 17.0) 
7.1 
(6.4 – 7.8) 
5.6 





(24.6 – 33.0) 
36.5 
(32.3 – 41.8) 
22.2 
(18.0 – 26.4) 
7.5 
(6.0 – 8.9) 
4.7 




(21.4 – 26.0) 
46.0 
(42.5 – 49.6) 
16.8 
(14.8 – 18.8) 
6.8 
(5.8 – 7.9) 
6.4 




(19.6 – 22.7) 
51.7 
(49.4 – 54.1) 
15.3 
(14.1 – 16.6) 
6.4 
(5.7 – 7.1) 
5.2 




(18.1 – 25.5) 
47.8 
(42.7 – 52.9) 
16.0 
(13.3 – 18.8) 
6.6 
(4.9 – 8.3) 
7.5 




(17.3 – 20.9) 
49.5 
(46.7 – 52.4) 
16.0 
(14.2 – 17.8) 
8.0 
(6.8 – 9.1) 
7.2 




(16.6 – 19.2) 
53.1 
(51.0 – 55.2) 
15.6 
(14.2 – 16.9) 
6.9 
(6.2 – 7.7) 
6.2 
(5.0 – 7.4) 
Orthodontics 
Slovenia 17.0 
(10.3 – 23.8) 
25.4 
(13.7 – 37.1) 
40.7 
(26.6 – 54.8) 
6.0 
(3.1 – 9.0) 
10.6 




(15.0 – 19.8) 
32.2 
(27.6 – 36.8) 
32.5 
(27.8 – 37.2) 
9.7 
(7.5 – 11.8) 
8.0 




(15.0 – 18.7) 
35.7 
(31.9 – 39.5) 
32.7 
(28.9 – 36.4) 
8.2 
(6.8 – 9.7) 
6.3 




(20.1 – 31.9) 
34.1 
(25.8 – 42.5) 
25.2 
(18.4 – 32.0) 
8.2 
(5.7 – 10.7) 
6.3 




(22.0 – 27.2) 
44.5 
(40.8 – 48.1) 
16.4 
(14.2 – 18.6) 
7.8 
(6.5 – 9.1) 
6.5 




(20.8 – 24.8) 
48.7 
(45.9 – 51.4) 
15.6 
(14.0 – 17.3) 
6.9 
(6.0 – 7.8) 
5.7 
(4.2 – 7.1) 
CI confidence interval; TMD temporomandibular disorders. 
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Dentists, coming from 31 countries and all six WHO world regions declared their dental 
patients most often sought for help because of Orofacial Pain, reaching the mean value of 53.1 
(95% CI: 51 – 55.2) in pediatric dentistry, 51.7 (95% CI: 49.4 – 54.1) in oral and maxillofacial 
surgery, 49.4 (95% CI: 47.4 – 51.4) in periodontology, 48.7 (95% CI: 45.9 – 51.4) in oral 
medicine and/or temporomandibular disorders, 46.1 (95% CI: 44.4 – 47.7) in restorative 
dentistry, and 35.7 (95% CI: 31.9 – 39.5) in orthodontics. The detailed distribution of all 
Slovenian, European, and dental patients’ oral health problems from 31 countries and all world 
regions is presented in Table 16. 
4.3.6. Differences between Slovenian and 31 countries and all World Health 
Organization world regions dental patients’ oral health problems based on 
dentists’ evaluation by dental fields 
When Slovenian dental patients’ primary oral health problems were compared with dental 
patients’ primary oral health problems coming from the European Region and the 31 countries, 
including all six WHO world regions, differences were small in all problem groups, according 
to Cohen’s h. The largest observable differences were found between Slovenia and the 31 
countries in the orofacial pain problem group -0.15 (95% CI: -0.24 – -0.08), followed by the 
European Region -0.13 (95% CI: -0.13 – 0.02). The in-detail differences between Slovenian 
dentists responses related to their dental patients’ oral health problems from the six dental fields 
of interest, i.e., restorative dentistry, periodontology, oral and maxillofacial surgery, pediatric 
dentistry, orthodontics, and oral medicine and/or TMD, and European Region dentists, i.e., 
Austria, Bosnia and Herzegovina, Croatia, Denmark, Germany, Italy, Macedonia, Russia, 
Serbia, Sweden, Switzerland, and United Kingdom, responses of their dental patients’ oral 
health problems based on the fields of dentistry, as well as between Slovenian dentists responses 
related to their dental patients’ oral health problems from the six dental fields of interest and 
the remaining 31 country dentists, i.e., all six WHO regions with exception of Slovenia, 
responses of their dental patients’ oral health problemsbased on the fields of dentistry are 








Table 17. Dental patients’ orofacial problems falling into problem groups based on dentists’ 
assessment from the six dental fields between Slovenia and European Region or 31 countries 




















ES (95% CI) 
Restorative 
Dentistry 




(0.00 – 0.14) 
-0.13 
(-0.13 – 0.02) 
0.04 
(-0.05 – 0.08) 
0.01 
(-0.06 – 0.03) 
0.00 




(0.05 – 0.17) 
-0.15 
(-0.22 – -0.08) 
0.04 
(-0.02 – 0.11) 
0.02 
(-0.02 – 0.06) 
0.00 
(-0.07 – 0.09) 
Periodontology 




(0.01 – 0.14) 
-0.13 
(-0.13 – 0.02) 
0.04 
(-0.05 – 0.09) 
0.01 
(-0.06 – 0.03) 
0.00 




(0.05 – 0.18) 
-0.15 
(-0.22 – -0.07) 
0.04 
(-0.02 – 0.11) 
0.02 
(-0.02 – 0.06) 
0.00 








(0.01 – 0.14) 
-0.13 
(-0.13 – 0.02) 
0.04 
(-0.05 – 0.08) 
0.01 
(-0.06 – 0.03) 
0.00 




(0.04 – 0.17) 
-0.15 
(-0.24 – -0.08) 
0.04 
(-0.02 – 0.11) 
0.02 
(-0.02 – 0.06) 
0.00 
(-0.07 – 0.10) 
Pediatric 
Dentistry 




(0.01 – 0.14) 
-0.13 
(-0.13 – 0.02) 
0.04 
(-0.05 – 0.08) 
0.01 
(-0.06 – 0.03) 
0.00 




(0.04 – 0.18) 
-0.15 
(-0.22 – -0.08) 
0.04 
(-0.01 – 0.11) 
0.02 
(-0.02 – 0.06) 
0.00 
(-0.07 – 0.10) 
Orthodontics 




(0.00 – 0.14) 
-0.13 
(-0.13 – 0.02) 
0.04 
(-0.05 – 0.08) 
0.01 
(-0.06 – 0.03) 
0.00 




(0.05 – 0.18) 
-0.15 
(-0.23 – -0.08) 
0.04 
(-0.01 – 0.11) 
0.02 
(-0.02 – 0.06) 
0.00 
(-0.06 – 0.10) 
Oral Medicine 
and/or TMD 




(0.01 – 0.14) 
-0.13 
(-0.13 – 0.02) 
0.04 
(-0.06 – 0.08) 
0.01 
(-0.06 – 0.03) 
0.00 




(0.05 – 0.17) 
-0.15 
(-0.23 – -0.08) 
0.04 
(-0.01 – 0.11) 
0.02 
(-0.02 – 0.06) 
0.00 
(-0.07 – 0.09) 






5.1. Main findings  
5.1.1. Results of the association between oral health-related and health-related 
quality of life 
The large overlap between OHRQoL and HRQoL constructs exists, which confirmed our 
hypothesis of a high correlation between patients’ self-assessment of oral health and general 
health. The extremely high correlation between Mental Health and Physical Health indicates 
that in typical dental patients, the two scores measure the same underlying construct, i.e., the 
HRQoL construct. Thus, the theoretical construct of OHRQoL based on the 4DOHM proved to 
be clinically valid when compared to the construct of HRQoL. The high correlation between 
the two constructs is informative for public health because in OHRQoL assessment, valuable 
medical information is embedded, and vice versa. 
5.1.2. Results of the correlations between the Psychosocial Impact dimension of 
oral health-related quality of life and depression and anxiety 
The detection of a high correlation between the OHRQoL Psychosocial Impact dimension and 
depression, as well as between OHRQoL Psychosocial Impact and anxiety, affirms our 
hypothesis. The theoretical construct of OHRQoL, and more specifically, the Psychosocial 
Impact dimension of this construct, proved to be clinically valid when compared to Depression 
and Anxiety measures. Therefore, the confirmation of substantial correlations between 
OHRQoL Psychosocial Impact and depression and anxiety have practical significance allowing 
the screening for dental patients' psychological distress. 
5.1.3. Results of the coincidence of dental patients’ needs after dental treatment 
with the new four-dimensional oral health model 
These study findings encompass responses from worldwide dentists who provided information 
from their dental patients, i.e., more than 15,800 patients. We could confirm our hypothesis that 
the majority of dental patients’ oral health problems coincided in different cultural 
environments and different areas of dental care, with the 4DOHM, regardless of the country or 
region the dentists came from. Therefore, all dental patients’ oral health problems are similar 
across countries, with small differences, according to Cohen. Thus, dentists from all six WHO 
world regions categorized nearly all of their dental patients’ oral health problems according to 
the 4DOHM. With this worldwide online survey study, we confirmed that regardless of 
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dentists’ cultural and sampling differences, as well as the fields of dental care they daily practice 
in, their dental patients’ oral health problems highly coincide with Oral Function, Orofacial 
Pain, Orofacial Appearance, and Psychosocial Impact dimensions. 
5.2. Comparison with other similar studies 
5.2.1. Comparison with other studies about the oral health-related and health-
related quality of life association 
Zimmer and co-authors explained that about 10% of the OHRQoL information is incorporated 
in HRQoL (54). Nevertheless, they did not take into account that measurement error can weaken 
a correlation evaluated with short PROMs. They assessed the correlation with summary scores 
instead of correlating PROM items directly to OHRQoL and HRQoL constructs and taking into 
account measurement errors. Reissmann and co-authors found a higher correlation coefficient 
compared to the previous study (55), explaining 29% of the information contained in HRQoL. 
They applied advanced statistical tools to take into account possible measurement errors of 
latent variables. Similar to Reissmann et al. study (55), we used SEM analytical techniques to 
address measurement errors during data analysis. However, while our dental patient population 
is similar to research question Reissmann and co-authors investigated, we believe that our 
measurement tools, which capture OHRQoL and HRQoL constructs differ from their study. 
Reissmann et al. used OHIP-49 and SF-36 PROMs, while we used OHIP-49 and PROMIS v.1.1 
Global Health PROMs, which may have influenced the size of the association. To assess the 
overlap between OHRQoL and HRQoL constructs in dental patients, we used OHIP-49 dental 
PROM to self-report patients’ oral health problems based on the new four-dimensional model 
and PROMIS v.1.1 Global Health PROM. By having a large sample size, advanced measures, 
and sophisticated methodology, we demonstrated even a slightly larger correlation between the 
OHRQoL and HRQoL. Our results are, therefore, precise and indicated by a width of 95% 
confidence around the estimate of 0.561 – 0.562. 
In contrast to our study and the two before-mentioned studies, Kieffer and Hoogstraten stated 
that OHRQoL and HRQoL constructs are “mostly unrelated” in first-year students (53). 
However, when they correlated PROMs dimensions, they reported statistically significant 
(p < 0.05) correlations between the OHIP’s Functional Limitations domain of the OHRQoL 
construct and RAND Physical Functioning 0.21, Social Functioning 0.19, and General Health 
0.21 domains of the HRQoL construct, effect sizes that were “small,” according to Cohen. This 
seems to indicate that the Physical Function of the oral/orofacial system could be the link 
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between the two constructs. Weak correlations may also be due to the inclusion of healthy 
subjects without systemic or oral diseases. In their studied populations, the range of OHRQoL 
and HRQoL was restricted, a factor well-known to influence the size of correlation coefficients 
(53). On the contrary, our studied sample comprised dental patients suffering from different 
oral/orofacial conditions and systemic diseases and, therefore, can provide practical 
information to which extent the improvement of their oral health can advance their overall 
health. Moreover, instead of analyzing the structural association between OHRQoL and 
HRQoL constructs using latent variable techniques, they evaluated their association with 
Spearman’s rank correlation coefficients, which do not take into account the structure of two 
latent variables OHRQoL and HRQoL and their measurement error. 
Similarly, the study by Ranfl and Zaletel-Kragelj (56) used single items for the evaluation of 
the connection between dentate status and self-assessed general health on a large sample of 
general population subjects. Like us, they also considered the possibility of variation in data 
when adjusted for confounders such as age, gender, educational level, type of work, and self-
classified social class (56). In our study, we used dental patients, multi-item PROMs, and an 
analytical approach that allows for estimation of multiple and interrelated dependencies in a 
single analysis using factor and multiple regression analysis, which provides more precise 
results. In contrast to our research constructs and methodology where we assessed the 
association between OHRQoL and HRQoL, Li et al. study assessed the association between 
self-reported general and oral health in adults from the United States of America between 1999 
and 2014 years (57). They studied these two indicators into four groups, i.e., “excellent” or 
“very good,” “good,” “fair,” and “poor,” using multivariable logistic regressions and five 
sociodemographic factors, i.e., age, gender, race/ethnicity, education level, and family poverty 
income ratio (57). Unlike, we used the two indicators only to present patients reported oral and 
general health impacts on QoL. Moreover, we only used one independent variable, i.e., 
depression, to examine whether the model would change based on patients with depression or 
not. 
5.2.2. Comparison with other studies about the correlations between the 
Psychosocial Impact dimension of oral health-related quality of life and 
depression and anxiety 
Similar approaches were used to evaluate the correlation of dental patients’ OHRQoL related 
to their psychosocial distress. One study explored the connection between OHRQoL and 
depression in an early-old-age cohort sub-population by using the Geriatric Oral Health 
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Assessment Index, OHIP-14, and the self-rating depression scale with 20 items modeled with 
SEM analysis (88). They concluded that depression was highly and significantly correlated with 
OHIP and thus OHRQoL (0.41, p < 0.001), even after a set of confounders were adjusted for, 
but not with Geriatric Oral Health Assessment Index (88). Even though we used different 
PROMs, i.e., the 49 item OHIP and PROMIS v.1.0 Emotional Distress – Depression, and we 
assessed the association between only one component of the 4DOHM, i.e., the Psychosocial 
Impact dimension and depression, the statistical approach used was the same. Nevertheless, our 
results suggest a slightly higher (0.53) correlation, with precision indicated by the width of the 
95% confidence interval (95% CI) around the estimate (95% CI: 0.49 – 0.57). 
Other studies investigated the correlation between specific patients’ oral health conditions, e.g., 
temporomandibular disorders related to improvements in chewing, eating, well-being, and 
psychological or psychiatric status (121,122). They are not comparable to our study as we 
investigated only the magnitude of the association between the Psychosocial Impact dimension 
of the 4DOHM and HRQoL emotional distress, specifically depression and anxiety, in generic 
dental patients and not in a patient population with a specific disease (85). 
5.2.3. Comparison with other studies about the coincidence of dental patients’ 
needs after dental treatment with the new four-dimensional oral health model 
A worldwide study of Slovenian dentists compared to dentists from 31 countries and all six 
world regions as defined by WHO, with the goal to clinically evaluate the four oral health 
dimensions, i.e., Oral Function, Orofacial Pain, Orofacial Appearance, and Psychosocial 
Impact, of dental patients’ orofacial problems based on dental fields, was not done before. 
However, similar methods were used in the study by Dougall et al. in 2015 (103). They used 
the online Global Oral Health Survey to explore Functioning, Participation, Social 
Environment, and other factors concerning oral health based on the International Classification 
of Functioning, Disability, and Health (ICF) (1). Analog was the research done by Faulks et al. 
in 2016 (102). Authors used the global International Classification of Functioning, Disability, 
and Health Children and Youth version (ICF-CY) (123), online Delphi survey, to investigate 
children's’ oral health, including Social Environment, Functioning, Activity, and Participation, 
from the health practitioners’ viewpoint. Both studies presented a similar methodological 
approach. In the first step, health practitioners responded to eight open-ended questions, while 
in the second, they evaluated items for their importance to oral health. 
Just like us, both studies used WHO’s classification of world regions, distributing the 
participating oral health professionals into six world regions. However, beside dentists and 
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dental specialists, they invited all professionals related to adults or children oral health care, 
i.e., dental nurses, hygienists or therapists, medical surgeons or physicians, and speech and 
language pathologists to participate. Their findings of the holistic views of oral health to be 
qualified and quantified obtained from professionals’ consensus is comparable to our study 
results (102). Similarly, in another study done in 2011 (104), researchers examined functional 
problems and related environmental factors of persons with sleep disorders from the health 
professionals’ point of view applying the WHO ICF (1). They created a structured, six open-
ended questions, an online e-mail survey that was sent to international professionals for their 
evaluation (104). 
In comparison, our survey was composed of two main questions and a few demographic 
questions. In contrast to previous studies, we took into account cultural and sampling 
differences between dentists that were invited to participate in the study. Other studies used 
expert opinions to create dPROMs by grouping dental patients’ oral health problems into seven 
domains, namely Functional limitation, Physical disability, Psychological discomfort, Physical 
disability, Psychological disability, Social disability, and Handicap (11) providing validity for 
OHIP-49 (31) dPROM. This approach, using experts to assign items to attributes, was also 
applied in a recent systematic review identifying generic dPROMs where authors relied on their 
clinical expertise for item assignment (62). Although similar methods were used, none of these 
studies were done in terms of global research, using WHO’s country classification by world 
regions and clinically testing the four oral health dimensions. 
5.2.4. Strengths and limitations  
5.2.4.1. Strengths 
This dissertation has many strengths. 
5.2.4.1.1. Strengths of the association between oral health-related and 
health-related quality of life 
This is the first study in which PROMIS PROMs for HRQoL evaluation was used to assess 
self-reported general health in a dental patient population. We used a large consecutive sample 
of dental patients (N = 2,076, response rate 55%) recruited in dental clinics at HP in Minnesota, 
USA, that was representative of the full range of patients attending dental practices. Both 
measures, i.e., OHIP-49 and PROMIS v.1.1 Global Health, which we used for evaluation of 
OHRQoL and HRQoL, respectively, are psychometrically sound and valid PROMs. We 
conceptualized OHRQoL as consisting of four dimensions. Consequently, we excluded three 
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OHIP items related to denture wearers. Since our objective was to assess dental patients based 
mainly on their functional, painful, aesthetical, and psychosocial impact, we have additionally 
excluded five more OHIP items related to symptom status. While this construct should provide 
improved OHRQoL structural validity, it can limit comparability with other studies using 49 
OHIP items. We used a multivariate statistical technique, i.e., SEM analysis (67,68,110), that 
allows modeling the variables directly by eliminating measurement errors that occur during 
data analysis and which provides precise results. Strengths of the correlation between the 
Psychosocial Impact dimension of oral health-related quality of life and depression and anxiety 
5.2.4.1.2. Strengths of the correlations between the Psychosocial 
Impact dimension of oral health-related quality of life and 
depression and anxiety 
This is the first study that has investigated the correlation between the Psychosocial Impact 
dimension of the new four-dimensional OHRQoL model and depression and anxiety using self-
reported OHIP-49, PROMIS v.1.0 Emotional Distress – Depression, and PROMIS v.1.0 
Emotional Distress – Anxiety PROMs in dental patients. We investigated the theoretical 
4DOHM with information collected exclusively by dental patients because patients’ reported 
outcomes and dentists’ clinical evaluation are different and do not coincide in clinical practice 
(124,125). We used a representative sample of dental patients enrolled in dental clinics at HP 
in Minnesota, USA. We used psychometrically tested tools, i.e., OHIP and PROMIS PROMs 
for the sensitiveness and thoroughness of the analytical approach. We used a multivariate 
statistical technique, i.e., SEM analysis (67,68,111,126), that allows modeling the variables 
directly by eliminating measurement errors that occur during data analysis. We excluded three 
questions that applied only to denture wearer patients and five questions that assessed patients' 
symptom status and have, therefore, used only 41 OHIP items that applied to the full range of 
dental patients, including prosthodontic patients, because we were strongly interested in 
conceptualizing OHRQoL composed out of four dimensions, i.e., Oral Function, Orofacial 
Pain, Orofacial Appearance, and Psychosocial Impact dimension. While this construct should 
contribute to an improved OHRQoL structural validity, it can also limit comparison with other 
research using the original version of the 49 items OHIP dPROM. 
5.2.4.1.3. Strengths of the coincidence of dental patients’ needs after 
dental treatment with the new four-dimensional oral health model 
This study has several strengths. First, thirty-two countries, and at least three countries per 
world region classification by WHO were included. Four most numerous, i.e., Brazil, China, 
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India, and the USA, and six biggest countries, i.e., Australia, Brazil, China, India, Russia, and 
the USA, were also considered in this study. By using the electronic survey, we included a large 
number of dentists from around the world, gaining a large sample size. Collecting de-identified 
data (anonymous information), we ensured confidentiality and unbiased results. With this 
strategy, we did not only increase the credibility of our research results but have also increased 
the response rate. Except for Slovenia, we used a convenience sample of dentists from 31 
countries due to the lack of performance of a probability sampling. The convenience sample 
was composed mostly of academic dentists working in different fields of dentistry. Thus, results 
could be interpreted as more reliable due to a variety and more severe patients’ cases. Although 
we considered only six dental fields in this study, the six spheres contained all relevant fields 
of dentistry regardless of the country and continent the dentist came from. Therefore, each 
participating dentist could select one or more of the proposed dental fields of interest. 
5.2.4.2. Limitations 
There are also some limitations to this dissertation. 
5.2.4.2.1. Limitations of the association between oral health-related 
and health-related quality of life 
A limitation of the study is that we had missing data for some patients, which we had to exclude 
from the analysis. However, the number of excluded patients was small. In contrast to modeling 
HRQoL or OHRQoL with its indicators, i.e., items, we used the Depression PROM’s items and 
derived a summary score to be included in the SEM. While Mplus can handle missing data for 
the HRQoL and OHRQoL in the analysis, we imputed missing depression items to include 
patients with sufficient depression information. Overall, the amount of missing data was low, 
generating a limited potential to change the observed results. Especially for the two QoL latent 
variables, we had sufficient information to characterize them. Adjustment by age, gender, and 
depression did not change the HRQoL-OHRQoL correlation substantially. Therefore, it seems 
unlikely that the small amount of missing depression information should not alter observed 
results substantially. 
A limitation of the study could be the oversampling of Spanish-speakers due to the bilingual 
study design. We have not provided separate analyses for both language groups because we did 
not see a reason why OHRQoL-HRQoL relation in those patients would differ from English 
speakers. Our results showing lower correlation coefficients after being statistically adjusted 
for the effect of age, gender, and Depression score on OHRQoL and HRQoL may also be caused 
due to the reduced number of OHIP-49 items (127,128). Results could have been, therefore, 
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slightly influenced by this item reduction since we only used functional, pain-related, aesthetic, 
and psychosocial OHIP indicators. Conceptually, all OHRQoL and HRQoL instruments should 
measure the OHRQoL and HRQoL constructs, respectively. Therefore, the correlation between 
OHRQoL and HRQoL should be similar. If we compare our results with Reissmann et al. study 
(55), the findings are similar. 
5.2.4.2.2. Limitations of the correlations between the Psychosocial 
Impact dimension of oral health-related quality of life and 
depression and anxiety 
Even though this study showed a large number of Spanish-speaking dental patients, we did not 
compute separate analyses for Spanish- and English-speakers, because we saw no difference 
between these patients and did not expect that the OHRQoL-HRQoL correlation would differ 
between patients. Our dataset presented some missing values, which resulted in the exclusion 
of some patients from the analysis sample. Nevertheless, the number of excluded patients was 
modest. 
5.2.4.2.3. Limitations of the coincidence of dental patients’ needs after 
dental treatment with the new four-dimensional oral health model 
This study also has some limitations. Different data collection methods in Slovenia, in 
comparison to other countries, should not influence the number of four-dimensional oral health 
problems. If small differences between different data collection methods, i.e., different regions, 
are observed, the applicability and validity of the 4DOHM in dental practices should 
accordingly coincide with dental patients’ orofacial needs. Because the 4DOHM is universal, 
it should apply to all clinical situations. The number of clinical situations is infinite, where 
dental fields capture major aspects of these clinical conditions. Even though we have invited 
through the Medical Chamber of Slovenia all licensed Slovenian dentists (129) that are actively 
working with patients to complete the online survey in three waves, the response rate resulted 
in being low (14,2%) compared to the number of invited countries (91,4%). We could have 
calculated proportions and 95% CI, and ES and 95% CI for dentists’ assessments that work in 
only one dental field. However, we did not undertake these computations because of the 
different sampling methodologies and an insufficient number of dental specialists in each dental 
field. Another limitation is that we could have considered the non-categorized problems by 
correcting the data of the reported dental patients’ orofacial problems that did not fall into one 
of the four problem groups based on our clinical expertise. We did not perform this analysis 
due to the high percentage of patients’ oral health problems coinciding with the four 
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dimensions. A possible critique of this study could be that we did not report ranks and 
differences in ranks between Slovenia and the two-country groupings (European Region, other 
31 countries) by dental fields for dental patients’ primary oral health problems and patients 
seeking preventive oral health care. We did compute ranks and differences in ranks but have 
not seen differences between country groupings and dental fields and, therefore, we did not 
report these results. In addition, we could have analyzed missing data at random to estimate the 
prevalence of the four-dimensional oral health problems that, combined with small differences 
among groups of countries, would provide informative results. Nevertheless, we did not 
undertake such analysis because this would imply an additional research question that would 
present new information. 
5.2.5. The importance of the results for Public Health 
Because the stomatognathic system is an essential component of the body from a biological 
point of view, we can conclude that OHRQoL is embedded in the HRQoL construct. From a 
conceptual perspective, the HRQoL construct is broad and general, and it is not directly related 
to impairments, body parts, or anatomical organs. Thus, it is not surprising that our analysis 
suggests that the assessment of self-perceived oral health using dental PROMs presents only a 
part of overall health because oral disorders may have different outcomes. Oral disorders may 
have different outcomes. When dental patients’ “physical” impairment in the OHRQoL area is 
perceived, this may affect their functional and psychosocial health, which appoint to patients’ 
deterioration of OHRQoL, but it also worsens their HRQoL to a minor degree. For example, 
periodontitis (130), or temporomandibular disorders (131) are an intuitive case that orofacial 
pain perceived by the patient not only impacts the patient’s oral health but may influence overall 
health substantially. Tooth loss typically causes impairments in the orofacial area, but it can 
also affect patients’ general health and daily activities (14,132,133). 
Similarly, temporomandibular disorders can also affect the ability to chew, and speech, among 
other impacts, which subsequently affects patients’ diet, which has a consequence on the 
general health. Moreover, these disorders frequently present with a chronic orofacial pain, 
which has a negative psychosocial impact. Oral disorders can also provoke direct or indirect 
systemic impairments. Periodontitis is recognized as a risk factor for coronary heart diseases 
(134–136), while the number of teeth is related to poor nutrition, which affects the overall 
patient’s health (137,138). On the other hand, oral disorders may also present as part of systemic 
disease. Oral disorders may also present as part of systemic disease. Dementia can, for example, 
also affect patients’ oral health (139). A patient with oral cancer and resected mandible certainly 
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has oral health-related psychosocial impacts, but mental health is also affected (140). Thus, 
OHRQoL and HRQoL PROMs should be able to extract such information. Substantial 
correlations between OHRQoL and HRQoL should be detected if dental patients’ present both 
oral impairments and systemic effects, oral impairments with systemic effects, or a more 
general element, e.g., health behavior, that can influence oral and systemic diseases (141–143). 
On the contrary, the correlation should be small in a dental patient population with a localized 
oral disease not associated with systemic disease. 
From a conceptual perspective, depression and anxiety are broad PROs that are not directly 
associated with the OHRQoL Psychosocial Impact dimension. However, taking into account 
the biological viewpoint, the orofacial area is part of the overall body and, therefore, of HRQoL 
(55). The assessment of patients' self-perceived OHRQoL Psychosocial Impact using dental 
PROMs such as OHIP presents only a portion of depression and anxiety of patients’ HRQoL 
because oral disorders may have a variety of consequences. If patients in the orofacial area 
perceive a Psychosocial Impact, it may impact their psychosocial distress of general health. For 
instance, dental anxiety, periodontal, and oral cancer patients present high and significant scores 
in the Psychosocial Impact dimension of the 4DOHM (121,122). These oral disorders can lead 
to stress, fear, hiding due to missing tooth/teeth, bad breath, isolation from society, feeling of 
shame, and can be reflected in their depression and anxiety as a whole. 
On the contrary, patients' depression and anxiety can also affect one’s OHRQoL Psychosocial 
Impact dimension. For example, a patient that feels depressed will not likely brush his/her teeth 
regularly, which can lead to gingivitis, periodontitis, and eventually tooth/teeth loss, which has 
an essential influence on the OHRQoL Psychosocial Impact dimension. OHRQoL and HRQoL 
measures that assess these PROs should provide this information. PROMIS v.1.0 – Depression 
and Anxiety (94) PROMs are generic screening PROMs for use among a range of patient 
populations, i.e., they can be applied for measurement of adult and general pediatric population 
with a chronic condition(s). The Psychosocial Impact dimension of the four-dimensional 
OHRQoL model can be seen as a generic dental PROM specifically designed to measure 
patients’ psychological distress (e.g., depression and anxiety) linked to the underlying problems 
related to oral health and their QoL. Therefore, the Psychosocial Impact dimension, which 
contains 18 OHIP items (34,42), i.e., the 23rd, and from the 33rd to 49th OHIP-49 items, can be 
regarded as being currently the most precise measure to assess the amount of psychosocial 
distress of dental patients who suffer from any oral health problems. The high correlations 
between PROMIS v.1.0 – Depression or Anxiety PROMs and the Psychosocial Impact 
dimension items, derived from the OHIP dPROM, provides evidence that the Psychosocial 
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Impact dimension captures almost all psychosocial distress of dental patients. Therefore, we 
advise using this dimension as a measure to represent the psychosocial dysfunction of OHRQoL 
when investigating specifically the psychosocial distress (i.e., depression and anxiety) of any 
dental population. When a short and practical dental PROM is needed, for example in extensive 
epidemiological studies, the question “Have you had difficulty doing your usual jobs because 
of problems with your teeth, mouth, dentures or jaws?” of the ultra-short OHIP-5 (66) dental 
PROM best measures the Psychosocial Impact dimension in dental patients. Our results attest 
to the validity of the Psychosocial Impact dimension. By having information about patients’ 
OHRQoL Psychosocial Impact dimension, we should be able to understand depression and 
anxiety, and vice versa, better. In essence, a screening hierarchy could be employed, i.e., the 
Psychosocial Impact dimension could be used to explore overall patients’ psychosocial 
concerns. Other PROMIS PROMs developed to measure depression, anxiety, anger etc., should 
be able to provide a more detailed frame. 
5.2.6. Implications for future research in the fields of oral health-related and 
health-related quality of life 
Even though we provided valuable insights into the association between OHRQoL and HRQoL 
constructs, further research of the magnitude between their dimensions can be explored, e.g., 
OHRQoL dimensions-HRQoL and HRQoL dimensions-OHRQoL. A research synthesis that 
would summarize and analyze the correlations of available and future studies would provide a 
thorough understanding of the association between the two constructs of interest. 
Despite providing the insightful perspective of how well the OHRQoL Psychosocial Impact 
dimension of the 4DOHM is reflected in the depression and anxiety PROs measured with self-
reported OHIP-49, PROMIS v.1.0 Emotional Distress – Depression, and v1.0 Emotional 
Distress – Anxiety PROMs, more psychosocial constructs such as anger and social roles exist. 
It would be valuable to know how they are related to the OHRQoL Psychosocial Impact 
dimension. Thus, in the future field of study, other PROMs and different statistical analyses 
could be applied, as well as different patient sampling. It is also not yet known how strong the 
associations between HRQoL and the other three dimensions of the OHRQoL are. For future 
research, the association between Oral Function, Orofacial Pain, and Orofacial Appearance 
dimensions and their related HRQoL functional, painful, and aesthetic PROs could serve as a 
better understanding of the specific connections between OHRQoL and HRQoL. 
Notwithstanding, our results providing important views about the high percentage distribution 
of dental patients oral health problems into the four OHRQoL dimensions (Oral Function, 
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Orofacial Pain, Orofacial Appearance, and Psychosocial Impact) based on 31 country dentists' 
assessment could be carried out using other dental professionals, e.g., international dental 
students to see whether their experience and knowledge would confirm or not our study 
findings. Future studies could also take into account a specific dental field, e.g., only dentists 
specialists working actively in Periodontology, providing insightful perspectives of their dental 
patients' reasons to seek oral health care in clinical dental practice to fit the four OHRQoL 
dimensions. If additional research in this field will be implemented, further validation of the 







Dental patients’ self-assessed OHRQoL is largely correlated with self-assessed HRQoL with 
the correlation coefficient of 0.56, which confirmed our hypothesis. We showed that the 
assumption of high correlations was also confirmed between both the OHRQoL Psychosocial 
Impact dimension and Depression score (0.53), and between OHRQoL Psychosocial Impact 
dimension and Anxiety score (0.56). Finally, the understanding of dentists of a holistic view of 
patients’ oral health problems, i.e., of their patients’ treatment needs, regardless of dentists 
cultural differences, i.e., dentists from all six WHO world regions and sampling differences 
between Slovenian and international dentists from 31 other countries was confirmed by 
categorizing 94.2% of all dental patients’ problems into the four OHRQoL dimensions, i.e., 
Oral Function, Orofacial Pain, Orofacial Appearance, and Psychosocial Impact. On the grounds 
of these research results, the central scientific hypothesis was confirmed, i.e., the 4DOHM is 
valid in clinical practice. 
The four dimensions of the new 4DOHM, i.e., Oral Function, Orofacial Pain, Orofacial 
Appearance, and Psychosocial Impact, seem to be the primary and principal areas in which 
dental patients are impacted by oral disorders and seek for dental treatments. With this 
understanding, researchers can develop new valid and reliable dPROMs for reporting dental 
patients’ OHRQoL outcomes in clinical practices broadening the approach to clinical decision 
making, i.e., dental patients' treatment, measurement, and research. Thus, by having a dPROM 
based on the 4DOHM, dentists and researchers have, for the first time, precise dPROMs for 
patients’ OHRQoL assessment, particularly their functional, painful, aesthetic, and 
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Biopsihosocialni model zdravja je bil podlaga za razvoj koncepta »z zdravjem povezana 
kakovost življenja« ali angl. health-related quality of life (HRQoL), v katerega so vključeni 
klinični simptomi, telesno, duševno in družbeno delovanje posameznika(1–4,144). Kasneje je 
bil uveden koncept »z oralnim zdravjem povezana kakovost življenja« ali angl. oral health-
related quality of life (OHRQoL), katerega merjenje je osrednja tema v dentalni medicini, 
podprti z dokazi, saj je pri zdravljenju pacientov poleg kliničnih parametrov treba upoštevati 
tudi njihovo samooceno oralnega zdravja. Obvezna podlaga za razvoj zanesljivih in veljavnih 
vprašalnikov je izbira pravega modela oralnega zdravja, saj smo s sistematičnim pregledom 
strokovne literature dokazali, da obstaja kar 13 različnih modelov oralnega zdravja. Ne glede 
na raznolikost in možnost izbire modela, ki bi ustrezal raziskovalčevemu razumevanju 
konstrukta OHRQoL, se jih večina odloča za Lockerjev model oralnega zdravja, ki ga sestavlja 
sedem področij in je bil narejen na podlagi Mednarodne klasifikacije okvar, prizadetosti in 
hendikepiranosti ali angleško International Classification of Impairments, Disabilities, and 
Handicaps (ICIDH). Na osnovi Lockerjevega modela so raziskovalci kasneje razvili 
psihometrično veljaven vprašalnik, tj. Oral Health Impact Profile z 49 postavkami (OHIP-49), 
ki je v svetovnem merilu najbolj razširjen vprašalnik za samooceno konstrukta OHRQoL. Leta 
2014 je mednarodna skupina raziskovalcev predstavila dobro znanstveno podprt teoretični 
model oralnega zdravja, ki ga sestavljajo štiri dimenzije, in sicer funkcionalna, bolečinska, 
estetska in psihosocialna. Klinični dokazi, ki bi potrdili t. i. klinično veljavnost tega novega 
štiridimenzionalnega modela oralnega zdravja (4DMOZ), za zdaj še niso znani, zato smo se 




NAMEN IN CILJI 
Z namenom validacije 4DMOZ v klinični praksi so bili določeni naslednji cilji: 
A1: oceniti stopnjo povezanosti med samooceno oralnega zdravja in samooceno sistemskega 
zdravja zobozdravstvenih pacientov, 
A2: oceniti stopnjo povezanosti med psihosocialno dimenzijo konstrukta OHRQoL in depresijo 
oziroma anksioznostjo zobozdravstvenih pacientov, 
A3: oceniti dojemanje zobozdravnikov o tem, kako so težave njihovih pacientov uvrščene v 
4DMOZ. 
Glavna znanstvena hipoteza doktorske naloge je: 
H1: novi 4DMOZ je veljaven v klinični praksi. 
Dodatne znanstvene hipoteze doktorske naloge so bile: 
H2: predpostavljamo, da ima pacientova samoocena oralnega zdravja visoko stopnjo 
povezanosti s samooceno sistemskega zdravja, 
H3: predpostavljamo, da ima psihosocialna dimenzija koncepta OHRQoL visoko stopnjo 
povezanosti tako z depresijo kot z anksioznostjo, 
H4: pričakujemo, da bodo potrebe zobozdravstvenih pacientov po zobozdravniškem 
zdravljenju sovpadale v različnih kulturnih okoljih in na različnih področjih zobozdravstvene 
oskrbe z novim 4DMOZ. 
 
MATERIALI IN METODE 
Predstavitev materialov in metod za prvi del disertacije 
V prvem delu smo za ugotavljanje povezanosti med konstruktom OHRQoL kot celoto in 
njegovimi štirimi dimenzijami, funkcionalno, bolečinsko, estetsko in psihosocialno ali angl. 
Oral Function, Orofacial Pain, Orofacial Appearance in Psychosocial Impact, ter 
konstruktom HRQoL kot celoto in dvema dimenzijama, to sta telesno in duševno zdravje ali 
angl. Physical in Mental Health, uporabili podatke iz še neanaliziranih baz podatkov presečnih 
raziskav prof. dr. Mike T. Johna iz Univerze v Minnesoti (Minneapolis, ZDA), zbranih na 
vzorcu 2076 odraslih zobozdravstvenih pacientov zdravstvene ustanove HealthPartners (HP) 
v ZDA. Pred zbiranjem podatkov zobozdravstvenih pacientov na teh klinikah je bilo 
pridobljeno dovoljenje etične komisije ustanove HP (Institutional Review Board, št. etično 
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odobrene raziskave 1306E36321). Uporabili smo zaporedni vzorec pacientov. Preiskovanci so 
bili v postopku zobozdravstvene oskrbe ali v postopku določanja termina zdravljenja. Z 
identificiranimi pacienti so raziskovalci ustanove HP, center Research Foundation's Data 
Collection Center, kontaktirali pred načrtovanim obiskom in pridobili soglasja za njihovo 
sodelovanje v raziskavi. Za vrednotenje OHRQoL in s tem samooceno oralnega zdravja pri 
odraslih pacientih so uporabili vprašalnik Oral Health Impact Profile (OHIP-49). OHIP 
sestavlja 49 postavk in je v svetovnem merilu najboljše orodje za merjenje OHRQoL. Pacienti 
lahko pojasnijo pogostost vpliva določene težave v zvezi s stomatognatnim sistemom v 
zadnjem tednu. Višje ocene vprašalnika OHIP smo ovrednotili kot odsotnost ustno-obraznih 
težav, nižje pa kot prisotnost težav. Za vrednotenje konstrukta HRQoL in s tem samooceno 
sistemskega zdravja pri odraslih pacientih so uporabili vprašalnik iz informacijskega sistema 
Patient-Reported Outcomes Mesurement Information System (PROMIS) v.1.1 – Global 
Health. Vprašalnik sestavlja deset postavk, ki vrednotijo bolnikovo telesno in duševno zdravje.  
Za opis podatkov smo uporabili standardne metode opisne statistike. Ocene vprašalnika OHIP 
smo predstavili s skupnim seštevkom vseh odgovorov vseh 49 postavk in s seštevki ocen 
postavk posameznih štirih dimenzij. Po novem 4DMOZ funkcijska dimenzija vsebuje 10 
postavk OHIP-49, bolečinska šest, estetska sedem in psihosocialna dimenzija 18 postavk 
konstrukta OHRQoL. Rezultate za OHIP-14 in OHIP-5 smo predstavili s skupnim seštevkom. 
Oceno vprašalnika PROMIS v.1.1 – Global Health smo predstavili s seštevkoma ocen dveh 
dimenzij (tako dimenzija telesno zdravje kot dimenzija duševno zdravje vsebujeta po štiri 
postavke) po navodilih PROMIS. Za oceno povezanosti med konstruktoma OHRQoL in 
HRQoL smo uporabili korelacijske analize. Mersko napako smo nadzorovali z uporabo 
strukturnega modeliranja enačb ali angl. structural equation modeling (SEM). 
Pri prvem modelu SEM smo konstrukt HRQoL merili z dvema podrednima dejavnikoma 
HRQoL, to sta telesno zdravje in duševno zdravje. Vsak od njiju vsebuje štiri postavke 
PROMIS v.1.1 Global Health PROM. V tem modelu sta bila uporabljena le ta dva dejavnika 
konstrukta HRQoL, ker dokumentacija PROMIS ne priznava globalnega dejavnika HRQoL, 
ki bi združeval oba dejavnika. OHRQoL smo merili s štirimi dejavniki prvega reda, in sicer z 
dimenzijami OHRQoL. Poleg tega smo uvedli dejavnik OHRQoL drugega reda, ki obsega štiri 
dejavnike prvega reda. S tem analitičnim pristopom smo določili dva koeficienta korelacije za 
povezavo HRQoL-OHRQoL: enega za telesno zdravje – OHRQoL in enega za duševno 
zdravje – OHRQoL. Pri drugem modelu SEM smo se vseeno odločili uvesti globalni dejavnik 
HRQoL drugega reda, ker smo želeli izpeljati en koeficient korelacije, ki označuje povezavo 
med konstruktoma OHRQoL in HRQoL, čeprav avtorji PROMIS-a ne predlagajo oblikovanja 
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enega skupnega dejavnika za PROMIS v.1.1 Global Health PROM. Drugi model SEM je sicer 
enak prvemu modelu SEM. Tretji model SEM je primerljiv z drugim modelom SEM, vendar 
smo pri tretjem modelu SEM v analizo poti vključili tri moteče spremenljivke, in sicer starost, 
spol in depresijo. Tretji model SEM omogoča izračun povezave med konstruktoma OHRQoL 
in HRQoL, ki je nadzorovan za potencialne moteče spremenljivke. 
Predstavitev materialov in metod za drugi del disertacije 
V drugem delu smo uporabili podatke istih pacientov kot v prvem delu, in sicer za ugotavljanje 
povezanosti med psihosocialno dimenzijo konstrukta OHRQoL in depresijo oziroma 
anksioznostjo.  
Za oceno depresije pri odraslih osebah so prof. John in sodelavci uporabili presejalni vprašalnik 
za depresijo oz. PROMIS v.1.0 Emotional Distress – Depression, ki ga sestavlja 28 postavk. 
Za merjenje anksioznosti so uporabili presejalni vprašalnik za anksioznost oz. PROMIS v.1.0 
Emotional Distress – Anxiety, ki ga sestavlja 29 postavk. 
Povezanosti med psihosocialno dimenzijo konstrukta OHRQoL, depresijo in anksioznostjo 
smo ocenili v okviru strukturnega modela. Mersko napako smo odstranili z uporabo 
strukturnega modeliranja enačb. Pri prvem modelu SEM smo določili psihosocialno dimenzijo 
konstrukta OHRQoL z enim dejavnikom prvega reda, ki ga sestavlja 18 postavk vprašalnika 
OHIP-49 (postavke 23, 33–49) in enim globalnim dejavnikom depresija, ki ga sestavlja vseh 
28 postavk vprašalnika PROMIS v.1.0 Emotional Distress – Depression. V okviru prvega 
modela SEM smo ocenili povezanosti med psihosocialno dimenzijo in depresijo. Pri drugem 
modelu SEM smo določili psihosocialno dimenzijo konstrukta OHRQoL z enim dejavnikom 
prvega reda in enim globalnim dejavnikom anksioznost, ki ga sestavlja vseh 29 postavk 
vprašalnika PROMIS v.1.0 Emotional Distress – Anxiety. S strukturnim modeliranjem enačb 
in konfirmatornimi faktorskimi analizami smo ponovno določili en korelacijski koeficient za 
povezavo psihosocialne dimenzije in anksioznosti. Tretji model SEM je bil primerljiv s prvim 
modelom SEM, vendar smo pri tretjem modelu v strukturni model vključili dve neodvisni 
spremenljivki, in sicer starost in spol. Tretji model SEM omogoča izračun povezave med 
konstruktoma psihosocialna dimenzija in depresija, ki je nadzorovan za potencialne moteče 
spremenljivke. Tako kot pri tretjem modelu SEM smo tudi pri četrtem v strukturni model 
vključili dve neodvisni spremenljivki, ki omogočata izračun povezave med psihosocialno 
dimenzijo in anksioznostjo, nadzorovan za potencialne moteče spremenljivke. 
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Predstavitev materialov in metod za tretji del disertacije 
V tretjem delu naloge smo izvedli spletno anketiranje zobozdravnikov iz vseh šestih regij sveta, 
ki jih je določila Svetovna zdravstvena organizacija (SZO). V raziskavo smo poleg slovenskih 
zobozdravnikov povabili tudi tuje zobozdravnike iz 31 držav, ki smo jih imenovali referenčni 
zobozdravniki (angl. center dentists). Referenčni zobozdravniki so imeli navodilo povabiti k 
sodelovanju v spletni anketi vsaj še devet drugih zobozdravnikov iz svoje države, ki imajo 
aktivno licenco in aktivno delujejo v različnih zobozdravstvenih specialnostih. Vsaj eden od 
desetih zobozdravnikov iz vsake države je moral biti zobozdravnik za otroke. Namen ankete 
je bil pridobitev zobozdravniških ocen ustno-obraznih težav pacientov iz zobozdravniških 
kartotek in s tem potreb po zdravljenju ter porazdelitev teh težav v štiridimenzionalni model 
oralnega zdravja. V uvodnem delu spletne ankete smo sodelujoče zobozdravnike seznanili s 
ciljem raziskave, s časom, potrebnim za izpolnjevanje ankete, in anonimnostjo zbiranja 
podatkov. Zobozdravniki so ocenjevali, ali se vse ustno-obrazne težave njihovih pacientov 
lahko uvrstijo v štiri dimenzije 4DMOZ. Anketa je bila sestavljena iz dveh glavnih vprašanj. 
Prvo vprašanje je bilo povezano s primarnimi ustno-obraznimi težavami, zaradi katerih 
pacienti obiskujejo stomatološke ordinacije, drugo pa njihova splošna ocena, v kolikšnem 
deležu 4DMOZ pokriva težave njihovih pacientov, zaradi katerih ti iščejo zobozdravniško 
pomoč. Poleg glavnih vprašanj so zobozdravniki odgovorili tudi na nekaj vprašanj o 
demografskih značilnostih. Odgovori so bili v obliki ponujenih odgovorov ali v odstotkih. Za 
zbiranje podatkov v posameznih državah smo uporabili priložnostno vzorčenje. V Sloveniji 
smo k sodelovanju povabili vse aktivne slovenske zobozdravnike, in sicer trikrat (prvič v 
septembru 2017, drugič v februarju in tretjič v marcu 2018) preko Zdravniške zbornice 
Slovenije. Ta nam je zaradi globalnega javnozdravstvenega interesa raziskave omogočila, da 
so vabilo k sodelovanju v spletni anketi na svoj elektronski naslov dobili vsi aktivni slovenski 
zobozdravniki. Mednarodno spletno anketiranje je potekalo od 10. junija 2017 do 27. julija 
2018. 
Za opis podatkov smo uporabili kvanititativne statistične metode in standardne metode opisne 
statistike. Z odstotki smo predstavili sovpadanje ustno-obraznih težav pacientov s štirimi 
dimenzijami novega modela oralnega zdravja na osnovi zobozdravnikovih ocen, pri čemer smo 
upoštevali vse vključene države in regije po SZO. Prav tako smo izračunali sovpadanje 
pacientovih težav s štiridimenzionalnim modelom glede na šest zobozdravniških specialnosti 
(restavracijsko zobozdravstvo, parodontologija, oralna in maksilofacialna kirurgija, otroško 
zobozdravstvo, ortodontija ter oralna medicina in temporomandibularne motnje). 
Preverjali smo sovpadanja ustno-obraznih težav pacientov s štirimi dimenzijami 4DMOZ 
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glede na regije po SZO iz katerih so bili sodelujoči zobozdravniki, in glede na stomatološke 
specialnosti. Za preverjanje razlik med zobozdravniki smo izračunali velikosti učinka, kjer po 
Cohenu h = 0,1 predstavlja majhen učinek, h = 0,3 srednje velik učinek in h = 0,5 velik učinek. 
Vse statistične analize so bile narejene na podlagi odgovorov zobozdravnikov v odstotkih. 
Za vse tri dele doktorske naloge je bila 22. 8. 2017 odobrena vloga za etično odobritev raziskav 
Komisije R Slovenije za medicinsko etiko (št. 0120-219/2017-3 KME 63/05/17). 
Za statistično analizo podatkov vseh treh raziskav smo uporabili statistično programsko 
opremo Stata Statistical Software, STATA, različico 14.2, 19. posodobitev, College Station, 




Za prvi in drugi del naloge je vprašalnike OHIP-49, PROMIS v.1.1. Global Health, PROMIS 
v.1.0 Emotional Distress – Depression in PROMIS v.1.0 Emotional Distress – Anxiety 
izpolnilo skupaj 2076 zobozdravstvenih pacientov. Povprečna starost pacientov je bila 54,7 ± 
16,2 leta, žensk je bilo 59,7 %. Pacienti so največkrat ocenili kot »dobro« tako svoje oralno 
(35,2 %) kot sistemsko zdravje (38,4 %). 
Predstavitev rezultatov prvega dela disertacije 
Vsi trije modeli SEM so se dobro prilegali podatkom. Vsi korelacijski koeficienti v vseh 
modelih so bili pozitivni in statistično značilni (p < 0,05). Pri prvem modelu SEM je korelacija 
med konstruktom OHRQoL in dejavnikom telesno zdravje konstrukta HRQoL znašala 0,55. 
Korelacija med konstruktom OHRQoL in dejavnikom duševno zdravje konstrukta HRQoL je 
znašala 0,51. Razlika med prvim in drugim modelom SEM je bila ta, da sta imela v drugem 
modelu SEM oba dejavnika HRQoL prvega reda, to sta telesno in duševno zdravje, izredno 
visoko stopnjo korelacije, to je 0,98 in 0,90, z dejavnikom OHRQoL drugega reda. V tretjem 
modelu SEM je bila ob upoštevanju motečih dejavnikov, kot so starost, spol in depresija, 
stopnja korelacije med OHRQoL in telesnim zdravjem 0,52 ter med OHRQoL in duševnim 
zdravjem 0,47. Višja starost je bila statistično značilno povezana z boljšo samooceno oralnega 
zdravja in s slabšim telesnim zdravjem, ni pa bila statistično značilno povezana z duševnim 
zdravjem. Ženski spol je imel v primerjavi z moškim spolom statistično nižje vrednosti za 
telesno in duševno zdravje, medtem ko med spoloma ni bilo statistično značilne razlike pri 
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samooceni oralnega zdravja. Višja stopnja depresije je bila statistično značilno povezana s 
slabšo samooceno oralnega zdravja in tudi s slabšim telesnim in duševnim zdravjem. 
Predstavitev rezultatov drugega dela disertacije 
Med psihosocialno dimenzijo konstrukta OHRQoL in depresijo oziroma anksioznostjo sta bila 
korelacijska koeficienta 0,53 oziroma 0,56, s tem, da sta bila v modelih SEM starost in spol 
upoštevana kot morebitna moteča dejavnika. Višja starost je bila statistično značilno povezana 
z nižjo oceno psihosocialne dimenzije konstrukta OHRQoL (p < 0,001), nižjo stopnjo 
depresije (p = 0,046) in nižjo stopnjo anksioznosti (p = 0,035). Ženski spol je bil statistično 
značilno povezan z višjo stopnjo depresije (p = 0,039), višjo stopnjo anksioznosti (p < 0,001) 
in višjo oceno psihosocialne dimenzije konstrukta OHRQoL (p = 0,067). 
Predstavitev rezultatov tretjega dela disertacije 
V spletni anketi so sodelovali zobozdravniki iz 32 držav iz vseh šestih regij po SZO. Skupno 
število zobozdravnikov, ki so odprli anketo, je bilo 2960. Spletno anketo je izpolnilo 1580 
zobozdravnikov; od tega 223 iz Slovenije in 1357 iz 31 drugih držav. Več kot polovica 
anketiranih je bila ženskega spola (54 %) s povprečno starostjo 38,6 ± 10,5 leta. 
Vsi zobozdravniki skupaj (N = 1580) so uvrstili 94,2 % vseh ustno-obraznih težav svojih 
pacientov v štiridimenzionalni model oralnega zdravja, od tega 23,6 % v funkcionalno 
dimenzijo, 44,1 % v bolečinsko, 19,5 % v estetsko in 7,0 % v psihosocialno dimenzijo. 
Glede na regije SZO je 962 zobozdravnikov iz evropske regije uvrstilo 93,1 % vseh ustno-
obraznih težav pacientov v 4DMOZ, 111 zobozdravnikov iz afriške regije jih je uvrstilo 
97,2 %, 118 zobozdravnikov iz ameriške regije 94,4 %, 113 zobozdravnikov iz jugovzhodne 
azijske regije 95,7 %, 174 zobozdravnikov iz vzhodnosredozemske regije 96,8 % in 102 
zobozdravnika iz zahodne tihomorske regije 93,9 %. 
Glede na stomatološke specialnosti je 1122 zobozdravnikov iz vseh 32 držav, ki se ukvarjajo 
z restavracijskim zobozdravstvom, uvrstilo 95,2 % vseh ustno-obraznih težav svojih pacientov 
v 4DMOZ; 666 zobozdravnikov, ki delajo v parodontologiji, jih je uvrstilo 94,3 %; 440 
zobozdravnikov, ki delajo v oralni in maksilofacialni kirurgiji, 94,9 %; 523 zobozdravnikov, 
ki delajo v otroškem zobozdravstvu, 93,6 %; 243 zobozdravnikov, ki delajo v ortodontiji, 
93,3 % ter 338 zobozdravnikov, ki se ukvarjajo z oralno medicino in temporomandibularnimi 




Z rezultati doktorske naloge smo lahko potrdili vse štiri zastavljene hipoteze. Prvič: z rezultati 
prvega dela doktorske naloge smo potrdili, da je povezanost med konstruktoma OHRQoL in 
HRQoL, to je med samooceno oralnega in sistemskega zdravja, visoka. Hipoteza H2 je bila 
tako v celoti potrjena. Drugič: rezultati drugega dela potrjujejo visoko stopnjo povezanosti med 
psihosocialno dimenzijo konstrukta OHRQoL ter depresijo in anksioznostjo. Posledično je bila 
potrjena hipoteza H3. Tretjič: rezultati tretjega dela, ki kažejo na 94,2-odstotno sovpadanje 
potreb pacientov po zdravljenju s štirimi dimenzijami 4DMOZ v različnih kulturnih okoljih in 
področjih zobozdravstvene oskrbe, v celoti potrjujejo hipotezo H4. Na podlagi podatkov iz vseh 
treh delov doktorske naloge je mogoče potrditi tudi hipotezo H1 oz. glavno znanstveno hipotezo 
doktorske naloge, in sicer da je novi 4DMOZ klinično veljaven. 
Študija kljub nekaterim pomanjkljivostim nudi pomembna izhodišča za zobozdravnike in 
raziskovalce v zobozdravstvu. Najpomembnejše med njimi je, da se praktično vse ustno-
obrazne težave zobozdravstvenih pacientov, tako po posameznih regijah SZO kot po 
posameznih specialnostih v dentalni medicini, uvrščajo v 4DMOZ, ki mora zato biti sprejet kot 
glavni in osnovni model SZO, ki bo zobozdravnikom in raziskovalcem omogočil globalno 
primerjavo oralnega zdravja v vseh populacijah sveta ter s tem povzdignil raziskovanje na višjo 
raven v dentalni medicini, podprti z dokazi. 
 
ZAKLJUČKI 
Konstrukt OHRQoL, opredeljen po novem 4DMOZ, je zelo povezan s konstruktom HRQoL, 
psihosocialna dimenzija konstrukta OHRQoL pa je zelo povezana z depresijo in anksioznostjo. 
Zobozdravniki so uvrstili skoraj vse težave svojih pacientov v 4DMOZ. Novi 4DMOZ je 
klinično veljaven. 
Štiri dimenzije novega 4DMOZ, to so funkcijska, bolečinska, estetska in psihosocialna, so 
potrjeno glavna področja, v katera spadajo težave z oralnim zdravjem, ki jih navajajo  
zobozdravstveni pacienti. Ker smo tako prvič dokazali, da je novi 4DMOZ veljaven tudi v 
klinični praksi, lahko šele zdaj raziskovalci razvijejo nov veljaven in zanesljiv vprašalnik za 






Appendix 1: International web-based dentists survey 
1. Why did patients typically visit you when they had problems with their teeth (including dentures), mouth, or jaws? 
Please only consider the patients’ primary problem! 
The patients visited me because of: % of patients: 
Impaired oral function (eating, chewing, talking etc.) 0 
Pain (dental, oral, facial, etc.) 0 
Appearance (dental, oral, facial, etc.) 0 
Broader psychosocial impacts/distress because of their oral health situation 0 
Other problems not mentioned above 0 
1.1. You mentioned that some patients had “...other problems not mentioned above”. 
Please write down the most important problem, which does not fit into any of the four listed categories (Function, 
Pain, Appearance, Psychosocial Impact). 
_________________________________________________________________________ 
2. Please choose one global assessment to describe how well the four problem categories (Function, Pain, 
Appearance, Psychosocial Impact) fit your patients’ current and future oral health concerns. 
Poor fit Fair fit Good fit Very good fit Excellent fit 
3. To characterize the group of participating dentists, please also provide the following information: 
3.1. Country where you currently work as a dentist:  
3.1.1. Please write which “other country” you live in. 
3.2. Your age: 
3.3. Your gender 
Female     Male 
3.4. Are you the general (i.e., primary) dentist for the majority (>50%) of your patients? 
Yes            No 
3.5. In which major field(s) do you regularly diagnose and treat patients? 
Please mark all the areas that apply to you! 
Restorative Dentistry (including Endodontics and Prosthodontics) 
Periodontics 
Oral and/or Maxillofacial Surgery 
Pediatric Dentistry 
Orthodontics 





Appendix 2: Consents to the use of published articles' data 
Quality of Life Research journal consent 
From: Journalpermissions <journalpermissions@springernature.com> 
Date: Monday, February 24, 2020 
Subject: Permission to reuse Springer Nature content 




Thank you for your Springer Nature permissions query. Author retains the right to use his/her 
article for his/her further scientific career by including the final published journal article in 
other publications such as dissertations and postdoctoral qualifications provided 
acknowledgement is given to the original source of publication. 
  
















Slovenian Journal of Public Health (Zdravstveno Varstvo) consent 
From: Igor Švab <igor.svab@mf.uni-lj.si> 
Date: Fri, Feb 21, 2020 at 3:05 PM 
Subject: RE: Permission to reuse Slovenian Journal of Public Health content 
To: Zdr Varst <Zdrav.Var@nijz.si>, sekulic.stella@gmail.com 
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